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Khéa ludn tét nghiép Diéu khién céng sudt trong hé thong CDMA

Lot cam on.

Trudce tién, em xin giti 107 cdm on chdn thanh téi thdy gido
PGS.TS Nguyén Viét Kinh nguoi thay tin tuy huéng dan, bdo ban,

gilip d& em trong sudt qud trinh thuc hién khéa ludn.

Em xin giri 167 cam on dén cdc thay c¢6 cua truong PHOG HN
da trang bi kién thirc va tao diéu kién thudn loi @é em cé thé hoan
thanh khoa ludn nay mot cach 16t nhat.

Con xin giti 107 cam on sdu sdc dén cha me, nguoi dd ving ho,
déng vién, cham séc, quan tdm dén timg buéc di ciia con trong sudt
qua trinh hoc tdp dac biét la trong thoi gian con hoan thanh khoa
ludn nay.

Cudi cing, t6i xin giri l1oi cam on chdn thanh dén ban bé téi,
nhitng nguoi da giup do, dong vién toi trong qua trinh hoc tap, nghién

ctru dé hoan thanh ban khéa ludn.

Ha Noi, ngay 4 thang 6 nam 2005.
Sinh vién

D6 Thi Thu
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Khoa luan 1ot nghiép

Diéu khién céng sudt trong hé thong CDMA

THUAT NGU VIET TAT

VIET TIENG ANH TIENG VIET

TAT

AGC Automatic Gain Control Diéu khién d6 khuéch dai ty dong

AMPS American Mobile Phone Hé théng dién thoai di dong My
System

ASPC The Adaptive Step Power Diéu khién cong suat budc thich nghi
Control

AWGN Addtive White Gauss Noise Tap am Gauss trang cong tinh

BER Bit Error Rate Ty 18 16i bit

BTS Base Transceiver Station Tram thu phat co so

CAMEL  Customised Applications for Logic cao cép ciia nhitng tmg dung
Mobile Network Enhanced theo yéu cau khach hang mang di dong
Logic

CDMA Code Divison Multiple Access Da truy cap phan chia theo ma

CPC Closed loop Power Control Diéu khién cong suat vong kin

CRC Cyclic Reduncy Code M3 du thira tudn hoan

CT Transis Centre Trung tdm qué giang

CT-1 European Analogue Cordless ~ Hé thong dién thoai khong day tuong
Telephone System tu cia Chau Au

CT-2 Second Generation Cordless bi¢n thoai khong day thé hé hai, k¥
Telephone, Digital thuat s6

CT-3 Cordless Standard 3 Dién thoai kéo dai thé hé ba

CTIA Cordless Terminal Adapter Bo phan ghép ndi dau cudi khong day

DB Distributed Balancing Thuat todn can bang phan b
algorithm

DBPA Distance-Based Power Phén b cong suat dua vao khoang
Allocation cach

DCT Digital Cordless Telephone Dién thoai khong day sb

DECT Digital European Cordless Vién thong khong day s6 Chau Au
Telecommunication

DSSS Direct Sequence Spreading Trai pho day truc tiép
Spectrum

EFC Enhenced Full Rate Code B6 codec tiéng toan toc ting cudng

FCC Federal Communication Uy ban truyén thong lién bang My
Comission

FDMA Frequency Divission Multiple ~ Da truy cap phan chia theo tan sb
Access

FER Frame Error Rate Ty 1& 16i khung

FHSS Frequency Hopping Spreading  Trai pho nhay tan
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Khoa luan 1ot nghiép

Diéu khién céng sudt trong hé thong CDMA

Spectrum

GPRS General Packet Radio Service ~ Dich vu vo tuyén goi chung

GSM Global System for Mobile bién thoai di dong sb toan cau

HSCSD High Speed Circuit Swiched S6 lidu chuyén mach kénh tdc do cao
Data

IMT International Mobile Tiéu chuan thong tin di dong qudc té
Telecommunication

ITU International Lién minh vién thong qudc té
Telecommunication Union

MAHO Mobile Assisted HandOff Chuyén giao trg giup di dong

MASPC Modified Adaptive Step Power Thuat toan diéu khién cong suat budc
Control Algorithm thich nghi

MSC Mobile Switching Center Trung tim chuyén mach di dong

MSE The Mean-Squared Error Sai s6 trung binh binh phuong

MSPC Multiple Step Power Control Diéu khién cong suat da budc

MTSO Mobile Telephone Switching Tong dai chuyén mach dién thoai di
Office dong

NA-TDMA North American Time Division  Da truy cap phén chia theo thoi gian cia
Multiple Access Bic My

ODMA Opportunity Driven Multiple Pa truy cép theo co hdi
Access

OFDMA Orthogonal Frequency Division ~ Da truy cap phan bé theo tan s truc
Multiple Access giao

OPC Open loop Power Control Diéu khién cong suat vong ho

PBX Private Branch Exchange Téng dai nhanh ca nhan

PCG Power Control Group Nhom diéu khién cong suit

PCS Personal Communication Céc dich vu thong tin c4 nhan
Services

PD Proportional Derivative Bo diéu khién dao ham ty 1€

PDC Personal Digital Cellular H¢ dién thoai dang to ong s6 c4 nhan

PG Processing Gain Do loi xu ly

PN Pseudo noise Ma gia tap 4m

PSTN Public Switched Telephone Mang chuyén mach dién thoai cong
Network cong

QPSK Quadrature Phase Shift Keying Khoa dich pha vudng goc

RSSI Radio Signal Strength Chi bao cudng d6 vo tuyén
Indications

SIM Subscriber Identity Module Modun nhén dang thué bao

SIR Signal to Interference Ratio Ti s6 tin hiéu trén nhidu

SMS Short Messssage Service Dich vy ban tin ngan

SS Spread Spectrum Trai phd

TCP Transmition Control Protocol  Giao thirc diéu khién truyén dan

TDD Time Division Duplex Ghép song cong phan chia theo thoi
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gian
TDMA Time Division Multiple Access Da truy cap phan chia theo thoi gian
THSS Time Hopping Spreading Trai phd nhay thoi gian
Spectrum
TIA Telecommunication Industry Lién hiép cong nghiép vién thong My
Association

D6 Thi Thu — K46DB 6 Pai Hoc Cong Nghé - PHQGHN



Khéa ludn tét nghiép Diéu khién céng sudt trong hé thong CDMA

MO DAU

Kha ning lién lac thong tin v&i nhitng nguoi dang di dong da tién trién
manh mé& ké tir khi Guglielm Marrconi lan dau tién chimg minh kha ning séng
radio c6 thé lién lac lién tuc véi cac con tau dang chay trén eo bién Anh, d6 1a vao
nam 1897. Ké tir khi d6 cac phuong phép truyén thong khong day méi va cac dich
vu di dugce con nguoi don nhan trén toan thé gigi. Pic biét trong nhitng nim qua
nganh truyén théng vo tuyén di dong da ting truong mot cach dang ké cho phép
ché tao cac thiét bi cAm tay nho hon, ré hon, d6 tin cdy cao hon.

Trén nén tang co san két hop voi su tién bd nhanh chong vé khoa hoc k¥
thuat da tao diéu kién thuan loi cho thong tin di ddng phat trién voi toc do chong
mat. Bit dau voi hé dién thoai twong ty, ngay nay thong tin di dong da phat trién
1én dén thé hé thi ba va thé hé tht tu ciing dang duoc nghién cru. Nhung nhirng
tinh nang uwu viét ma thé hé ba nay co thé dem lai lam cho nguoi ta hoan toan thda
man dé di sdu nghién ctru va khai thac hét dugc tit ca nhitng tinh ning c6 thé co
nay.

Kénh truyén trong thong tin di dong 1a kénh vo tuyén. N6 chiu nhiéu anh
huong ctia moi trudong truyén dan, cia dia hinh, ... Vi thé nén bi suy hao rat 16n.
Pay 1a nhuoc diém 16n cua thong tin di dong, c6 thé khic phuc bang cach: st
dung lai tan sd, diéu khién cong suit, k¥ thuat x6a bo nhiéu soéng, ... Cac phuong
phép trén da va dang dugc nghién ctru va té ra dugce tinh wu viét ciia chung. Dya
trén nhitng danh gia d6, khoa luan di vao nghién ctru mot phuong phap diéu khién
cong suét hiéu qua dua trén viéc danh gia ti sb SIR thu duogc.

Hy vong khoéa luan co thé giup nguoi doc naim dwoc phan nao nhirng kién
thirc co ban vé hé théng thong tin di dong thé hé ba cling nhu nhan théy duoc su
can thiét cua viéc diéu khién cong suét trong hé théng nhiam dem lai nhiéu loi ich
thiét thyc.

Ha No1 20/05/05

Tac gia
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Khéa ludn tét nghiép Diéu khién céng sudt trong hé thong CDMA

CHUONG 1. KHAI QUAT CHUNG

Vo tuyén di dong di duoc s dung gan 80 nim nay. Mic du cac khai
niém t6 ong, k¥ thuat trai pho, diéu ché sé va cac cong nghé vo tuyén hién dai
khéc di duogc biét dén hon 50 nim trude day, dich vu thong tin di dong mai dén
d4u nhitng nim 1960 mé&i xuat hién & nhirng dang st dung dugc. Tuy nhién ching
it tién loi va dung luong thap. Céc hé thdng t6 ong diéu tan song cong st dung k¥
thuét da truy cdp phan chia theo tin s6 (FDMA) di xuat hién vao nhiitng ndm 80.
Cudi nhitng nam 80 nguoi ta nhan thay rang cac hé thong t6 ong twong tu khong
thé dap tmg dugc nhu ciu ngay cang ting vao thé ky sau néu nhu khong loai bo
duoc nhitng han ché caa hé thong nay nhu:

- Phan bd tan sé han ché, dung luong thap.

- Thoai 6n kho chiu va nhiéu xay ra khi may di déng chuyén dich trong
moi truong fading da tia.

- Khong dap tng duogc cac dich vu méi hip din voi khach hang.

- Khong cho phép giam dang ké gia thanh cua thiét bi di dong va co so ha
tﬁng.

- Khong tuong thich gitra cac hé théng khac nhau 1am cho thué bao khong
thé str dung duoc may di dong cua minh & cac nude khac.

Giai phap duy nhét dé loai bo cac han ché trén 13 phai chuyén sang st dung k¥ thuat

thong tin s6 cho thong tin di dong cung véi ky thuat da truy cap méi.

1.1 Lich sir phat trién thong tin di dong [15], [22]

Phan nay cung cip toan canh chung vé hé théng t6 ong sé6 CDMA dugc
khoi xudng bdi QUALCOMM.Inc.. ciia San Diego. Nhirng tng dung t6 ong sb
dya vao so db da truy cép (multiple access scheme) ciing dugc phat trién trong su
két hop voéi nha san xuét thiét bi phuong tién truyén sé (AT&T, Motorola,
Northern Telecom,...). Hé thong CDMA hoan toan phu hop véi quy dinh cta hiép
hoi cong nghé vién thong kiéu to ong (CTIA), 14 (g vién cho tiéu chuan ho4 IS-
9s.

C6 thé ké dén cac hé thong di dong sb té ong co ban nhu sau: GSM (Tiéu
chuan Chau Au, 1990), NA-TDMA (Tiéu chuan IS-54 Bic My, 1990), PDC (Tiéu
chuin cua Nhat, 1991) va CDMA (Tiéu chuan US 1S-95, 1993).
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Khéa ludn tét nghiép Diéu khién céng sudt trong hé thong CDMA

Hé thong thong tin di dong sb toan cau (GSM) TDMA dugc trién khai vao
thang 6/1982 & Tay Au. GMS cung cip kha ning mé rong thong qua cac mang
vién thong (cu thé 1a ISDN) va tuong thich trong ca luc dia chau Au. Nam 1992
hé théng GSM mang tinh thuong mai dau tién da duogc sang ché ra tai Pic. GSM
1a sy két hop cua da truy cap phén chia theo tdn sé6 (FDMA) va da truy cap phéan
chia theo thoi gian (TDMA).

Hé théng NA-TDMA twong tu nhu GMS. Piém khéac nhau duy nhat 1a ¢
chd trong NA-TDMA c¢6 duy nhit mét giao dién vo tuyén chung (common radio
interface). Hé dién thoai dang t6 ong sb c4 nhan (PDC) 1a hé théng t6 ong TDMA
ctia Nhat hoat dong ¢ tan sb tir 800 MHz dén 1.5GHz. Hé théng nay cung cap giao
di¢n dep trong mang di¢n thoai sb dang to ong. Va nam 1994 PDC 1.5 GHz da
duoc dua vao phuc vu.

Bén canh hé théng da truy cap sb con co6 hé thdng dién thoai khong day
TDD giéng nhu PHP, CT-2, DCT-900 (hoic CT-3), va DECT. Hé thong song
cong phan chia theo thoi gian 14 hé thong sb va sir dung mot séng mang duy nhét
dé truyén va nhan théng tin. Pién thoai cAm tay ca nhan (PHP) 1a hé théng TDD
khong day hd tro dich vu truyén théng ca nhan (PCS). PHP c¢6 thé duoc st dung
cho dién thoai khong day trong nha, PBX khong day riéng, dién thoai cong cOng
va may bo dam thong tin. Hé thong vién thong khong day 2 (CT-2) 1a hé thong
dién thoai s6 khong day thé hé hai. Hé théng nay duoc phat minh boi GPT.Ltd tai
nuéc Anh va 1a hé TDD dau tién cta thong tin v6 tuyén di dong. CT-2 12 mot
trong cac hé théng PCS don gian nhét c6 cau trac diéu khién don gian khong hop
kénh da duong. Hé thong CT-2 nay khong c6 mi, kénh chuyén giao va khong co
nhin tin. Vi vay né chi cho phép cic cudc goi ra ngoai. Khoang cach cudc goi
thuong cé ban kinh bé hon 200 m cho phép mot ngudi dung don 1é chiém do rong
dai 16n. Pién thoai khong day sé hoat dong & tan s6 900 MHz (DCT-900 hoic
CT-3) dugc phat minh boi Ericsson tai Thuy Pién nam 1988 nhu 1a sy ning cip
hé théng CT-2. CT-2 va DCT-900 ton tai & nuéc Anh va Thuy Dién cho dén khi
DECT san sang phuc vu. Vién thong khong day s6 Chau Au (DECT) la mot hé
théng tiéu chuan Chau Au xem nhu 1a hé thong PCS thé hé thir hai. DECT da
duoc cong nhan 13 tiéu chuan Chau Au vé dién thoai khong day hon 1a CT-2 hoic
DCT-900 nhung v&i tai nguyén da cai thién cho viéc diéu khién truyén dir liéu
cling nhu giong ndéi. CDMA ra doi dau nim 1989 sau khi tiéu chuan NA-TDMA
(IS-54) di duoc thiét 1ap. Kiém tra tinh kha thi cta CDMA duoc tién hanh thang
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11/1989. Tiéu chuan trung gian CDMA [S-95 cua hiép hoi cong nghiép dién tu
dugc dua ra thang 12/1992.

1.2 Nhirng dac thu co ban cia thong tin di dong [18]

Ngoai nhiém vu cung cép cac dich vu nhu mang dién thoai ¢6 dinh thi

thong thudng cdc mang dién thoai di dong phai cung cap cac dich vu dic thu cho

mang di dong dé dam bao tin tirc moi lic moi noi. Vi vy ndé can mdt so cac dac

tinh co ban nhu sau:

K/
L4

L)

K/ K/
0‘0 0‘0

K/
0‘0

St dung hi¢u qua bang tan cép phat dé dat duoc dung luong cao do su
han ché cta dai tdn v6 tuyén sir dung cho thong tin di dong.

Pam bao chat lugng truyén dan yéu cau: Do tin hiéu truyén trong moi
truong vo tuyén nén dé bi anh hudng cua nhiéu va fading.

Pam bao an toan thong tin tot: Moi trudng truyén din vo tuyén la moi
truong rat dé bi nghe trom va st dung trom duong truyén do d6 can phai
cd cac bién phap dic biét dé dam bao an toan théng tin. Dé dam bao
quyén loi ctia ngudi thué bao can phai giir bi mat s6 nhan dang thué bao
va kiém tra tinh hop 1& ctia mdi ngudi st dung khi ho truy cip mang. Dé
chdng nghe trom cin mat ma hoa thong tin ctia ngudi sir dung. O cac hé
théng dién thoai di dong mdi ngudi st dung mot khoa nhan dang bi mat
riéng duoc luu gitt & bd nhé an toan. Trong hé théng GSM, SIM-CARD
duoc st dung. N6 c6 kich thude bé cho phép thué bao co thé cim thé nay
va may di dong ctia minh va chi c6 nguoi nay moi st dung duge no. Céc
thong tin luu gitt & SIM-CARD cho phép thuc hién an toan thong tin.
Giam t6i da rét cudc goi khi thué bao di dong chuyén tir ving phil séng
nay sang vung phu song khac.

Cho phép phat trién cac dich vu méi, nhat 1a cac dich vu phi thoai.
Chuyén mang qudc té (International Roaming).

Céc thiét bi cam tay phai gon nhe va tiéu thu it ning luong.

1.3 Mt s6 tinh ning dat dwoc trong hé thong thé hé thir hai va ba

Thé hé hai:

e (Co0 nhi€u dich vy médi va cai thién cac dich vy lién quan té1 truyén so ligu

nhu nén sd liéu cua nguoi su dung, sb liéu chuyén mach kénh toc do cao
(HSCSD) va dich vu v6 tuyén goéi chung (GPRS), s6 liéu téc do 14.5kb/s.
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Céc tinh ning lién quan dén dich vu tiéng nhu bd codec tiéng toan tdc ting
cudng (EFC), bo codec da téc do thich tng va khai thac tu do dau cudi cua
cac bd codec tiéng.

Céac dich vu bd sung nhu: Chuyén huéng cudc goi, hién tén chu goi, ngin
hién sb chu go1, tinh cudc nong, ...

Cai thién céc dich vu ban tin ngan (SMS), méc ndi cac SMS, mé rong bang
chir cai.

Cac cong vi¢c lién quan dén tinh cude: dich vu tra trude, tinh cudce nong, ...
Tang cuong cong ngh¢ SIM.

Dich vu mang thong minh nhu CAMEL.

Cac cai thién chung: Chuyén mang GSM-AMPS, céc dich vu dinh vi, tuong

tac v6i cac hé thong thong tin di dong vé tinh va hd tro dinh tuyén tdi wu.

Thé hé ba phai 1a thé hé thong tin di dong cho cac dich vu di dong truyén thong da

phuong tién. Hop thu thoai s& thay thé bang buu thiép dién tir Iong ghép vé6i hinh

anh va cac cudc goi thong thuong trudc diy s& duoc bd sung hinh anh dé tro
thanh thoai ¢6 hinh, ... Dé thuc hién diéu d6, hé théng thong tin di dong thé hé ba

phai dap rng mot s6 y€u cau sau:

Mang phai 13 bing rong va c6 kha ning truyén thong da phwong tién.

C6 kha niang cung cidp dung luong theo yéu ciu. Ngoai ra con phai dam
bao dudng truyén vo tuyén khong ddi xiang: Tc do bit cao & dudng xudng
va thap & duong Ién.

Mang phai cung cép thoi gian truyén din theo yéu cau: Pam bao cac két
ndi chuyén mach cho tiéng, cac dich vu video va cac kha nang sb licu g01
cho dich vu s6 liéu.

Chét luong dich vu phai khong thua kém chat luong dich vu mang ¢6 dinh
nhét 12 tiéng.

Mang phai c6 kha ning sir dung toan cau bao gdm ca hé thong thong tin vé
tinh
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Khéa ludn tot nghié Diéu khién céng sudt trong hé thong CDMA
gniep

CHUONG 2. HE THONG THONG TIN DI PONG
THE HE BA (CDMA)

2.1 Pac diém cia hé CDMA [19], [24]

Su phat trién nhanh cua cac dich vu sd lidu d3 dit ra cac yéu cau méi doi
voi cong nghé vo tuyén di dong. Thong tin di dong thé hé hai mic du st dung
cong nghé sé nhung vi 1a hé théng bang hep va duoc xay dung trén co ché chuyén
mach kénh nén khong thé dap ung duoc cac dich vu méi nay. Trong bdi canh d6
ITU @3 dua ra dé an tiéu chuin hoa hé thong thong tin di dong thé hé ba véi tén
goi IMT-2000. IMT-2000 dd md rong dang ké kha nang cung cip dich vu cho
phép sir dung nhiéu phuong tién thong tin. Muc dich ciia IMT-2000 1a dua ra
nhiéu kha ning mdi nhung cling dong thdi dam bao sy phat trién lién tuc cua
thong tin di dong thé hé hai (2G) vao nhitng nam 2000. Thong tin di dong thé hé
ba (3G) xay dung trén co s¢ IMT-2000 dugc dua vao phuc vu tr nam 2001. Cac
hé théng 3G s€ cung cép rat nhiéu dich vu vé tuyén bao gém: tiéng, sb liéu, toc do
bit thép va bit cao, da phuong tién, video cho nguoi st dung lam vi¢c & cac
phuong tién cong cong lan tu nhan. Hé thong thong tin di dong thé hé hai gom:
GSM, IS-136, IS-95 CDMA, PDC. Trong qua trinh thiét ké cac hé thong thong tin
di dong thé hé ba, cac hé thong thé hé hai da duoc cac co quan tiéu chuan héa cua
ting ving xem xét dé dua ra cac dé xuat trong Gng. Cac cong nghé duoc nghién
ctru dé dua ra dé xuét cho hé thong thong tin di dong thé hé ba gom:

- W-CDMA (CDMA bang rong)

- W-TDMA (TDMA béng rdng)

- TDMA/CDMA bang rong

- OFDMA (Pa truy cdp phan bd theo tan s truc giao)
- ODMA (Pa truy cap theo co hdi)

Nhiéu tiéu chuan cho hé thdng thong tin di dong thé hé ba IMT-2000 da
duoc dé xuét, trong d6 hai hé théng W-CDMA va CDMA 2000 dugc ITU chip
thuan va s€ dugc dua vao hoat dong trong nhitng nam dau thé ki XXI. W-CDMA
s& 1a sy phat trién tiép theo cua cac hé théng thong tin di dong thé hé hai s dung
cong nghé TDMA nhu: GSM, PDC, I1S136. CDMA2000 s& 1a sy phat trién ctia hé
thong thong tin di dong thé hé hai str dung cong nghé CDMA: IS-95.
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GSM va CDMA cung phat trién tach ra tir cong nghé AMPS cii. Diém

khac biét quan trong cia CDMA so v6i GSM nhu sau:

®)

©

CDMA dung mi gia ngau nhién dé phan biét kénh thoai va dung chung
bang tan cho cho toan mang, c6 giai thuiat ma hod riéng cho tirng cudc goi.
Chi c6 thiét bi duoc goi moi biét dugc gia tri ma gia ngiu nhién va giai
thuat gidi ma qua cac kénh béao hi€éu. Chinh vi thé tinh bao mat cua cudc go1
va hiéu qua khai thac bing tan cao hon.

Hé thong CDMA c6 kha ning chuyén giao mém. Khi thiét bi di dong di
chuyén vao gitra hai 0, thiét bi dﬁ“)ng tho1 nhan duoc tin hiéu tir hai tram
phat gan nhat, tong dai s& diéu khién cho hai tram bit tay nhau cho dén khi
viéc chuyén ddi tram phat thanh cong. C6 phan twong tu co ché chuyén
mach cing trong GSM nhung kha ning bét tay cia CDMA t6t hon.

So vo1 hé tuwong tu AMPS, chat luong thoai dugc nang 1én va dung lugng
ciia CDMA c6 thé tang 1én 6-10 lan.

CDMA c6 co ché gitp tiét kiém ning lugng, giup ting thoi gian thoai cta
pin thiét bi.

Kha ning mé rong dung lugng cia CDMA dé dang va chi phi thap hon so

voi GSM. GSM sé& gip bai toan kho vé phan bd lai tan s cho cac 6.

Tuy nhién, CDMA hién van con gip phai nhiéu kho khan:

®

Vung pht séng cia CDMA trén thé giéi con hep nén kha ning chuyén
viung qudc té giira cac hé théng CDMA con han ché. Tinh dén quy 1/2002,
thué bao CDMA toan thé gi6i dat 120,2 triéu. Trong d6 Biac My 52,9 triéu,
viung Caribé va My Latinh 22 triéu, Chau Au + Nga + chau Phi 1,8 triéu,
Chau A-Thai Binh Duong 43,5 triéu.

S6 lugng nha san xuat thué bao dién thoai di dong CDMA it, cha yéu tap
trung & My, Han Qudc, Nhat, Trung Qudc nén ching loai kém phong pha
hon so véi chuan GSM.

Thiét bi CDMA thuong khong dung SIM nén viéc thay doi thiét bi trong
qua trinh sir dung s& phuc tap hon vi bat budc phai lam thi tuc v&i nha
khai thac mang.

Hién nay dé dap (mg nhu cau ngay cang ting cua khach hang vién thong

vé cac dich vu vién thong moi, cac hé théng thong tin di dong dang tién toi thé hé

tht ba. O d6, cac hé thdng thong tin di dong c6 xu thé hoa nhp thanh mot tiéu

chuin duy nhit c6 kha ning phuc vu & tdc do bit 1én dén 2Mbps. Dé phén biét véi
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hé thong thong tin di dong bang hep hién nay, cic hé thong thong tin di dong thé
hé ba duoc goi 1a hé thong thong tin di dong bing rong.

2.1.1 Vung phu song cua CDMA [15]

Vo1 hé théng to ong CDMA, vung dién tich dich vu dugc chia thanh céc 6
luc giac. M6i 6 gém mot tram co s¢, tram nay duoc ndi véi téng dai chuyén mach
dién thoai di dong (MTSO) trong sudt quéa trinh mi hoa va giai ma tiéng noi.
Trong mdi 6 c6 hai két ndi bao gém cac kénh CDMA thuin va ngugc gitta tram
co s& va mdi may di dong trong 6. Kénh CDMA thuén dich ndi dung lién két
thuan tu tram co s& té1 may di dong. Kénh CDMA nguoc biéu dién su lién két
nguoc tr may di dong td1 tram co so.

CDMA téi str dung tan sb ty 1é trong timg 6 to ong va diéu khién dung
luwong hé thdng mot cach c6 hiéu qua boi vi CDMA 1a kiéu chdng nhiéu tuyét voi.

Kénh CDMA thuan gém mdt hodc nhiéu kénh mi, dugc truyén theo viéc
gan tan s6 CDMA, sir dung d¢ dich hoa tiéu PN cu thé. Moi tram co s& dung mdt
d6 dich thoi gian cua chudi PN hoa tiéu (pilot) (goi 1a chudi gia nhidu trai) dé
nhan dang kénh CDMA thuan. DB§ dich thoi gian ¢c6 thé tai st dung trong hé théng
t6 ong CDMA.

Mbi kénh ma truyén trong kénh CDMA thuan dugc trai mot cach tryc giao
boéi ham Walsh phu hop tao ra sy phan kénh tryc giao trong tit ca cac kénh ma va
sau d6 dugc trai ra boi mot cip ghép cau phuong (cung pha va vudng pha) cua
chudi PN hoa tiéu, muc dich cua viéc nay la dé truyén tin hi¢u trai dang song dich
pha vudng gbéc (QPSK).

Kénh CDMA nguoc gém céc kénh truy cip va kénh luu thong nguoc.
Kénh truy cap (kénh 16i vao) dugc st dung cho viéc trao doi tin bao hiéu ngén cho
cac cudc goi géc, tra 101 cac ban tin, cac 1¢nh va sy dang ki. Tt ca dit liéu truyén
trén kénh CDMA nguoc dwgc ma hoa chap dung dé sira 16i, xen khoi (block
interleaved) dé tranh 16i cum va cai thién chat luong hé théng boi d6 du thira truy
cap (access redundancy). Cac dir liéu duoc diéu ché béi ham Walsh 64 mirc nham
tao ra sy phan duong truyc giao va trai pho truc tiép bai ma dai (long code) dé dat

duogc sy bao mat gidi han trong mdt qua trinh truyén.
2.1.2 Céu tric ciia kénh CDMA [15]

Cac két ndi cia CDMA thuan gom kénh hoa tiéu, kénh dong bo, nhan tin

va mot s6 kénh luu thong thuan. Mot vi du tiéu biéu ciia kénh CDMA thudn gom
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64 kénh ma. Trong s6 64 kénh m3, CDMA thuan gém kénh hoa tiéu, mét kénh
déng bd, 7 kénh nhin tin, 55 kénh luu thong thuan.

Kénh hoa tiéu 1a tin hiéu khong diéu ché, trai pho truc tiép va truyén lién
tuc boi mdi tram co s6 CDMA. May di dong giam sat kénh hoa tiéu dé thu nhan
tin hiéu dinh thoi caa kénh CDMA thuin va cung cp pha chuin cho giai diéu ché
két hop. Kénh mi sé khong (Wo) ludn ludn dugce gan cho kénh hoa tiéu.

Kénh dong bd duoc gan cho kénh mi sé 32 (W3,) kénh nay van chuyén
ban tin dong bd t6i may di dong. Quan trong hon, kénh ddng bo 1a tin hiéu trai
phd d3 ma hoa, xen k&, trai, va diéu ché ma tin hiéu nay duoc s dung boi cac
may di dong dé thu tin hiéu dinh thoi gbc.

Kénh nhin tin ciing 1a tin hiéu trai phd d3 ma hoa, xen k&, trai va diéu ché
duoc str dung cho su truyén thong tin didu khién va ban tin tir tram co sd toi mdy
di dong. Kénh nhin tin dugc gan cho kénh ma tir s6 1 dén sé 7 (W, —W).

Kénh luu thong thuan dugce st dung cho phat thong tin cua nguoi dung va
bédo hi¢u tu tram co s& td1 mdt may di dong trong sudt thoi gian cudc goi. S kénh
luu théng thuan ti da bang 63 trir di sb kénh dong bd va kénh nhin tin hoat dong
trong cung kénh CDMA thuan.

Téc do dit liéu tai 16i vao kénh 1a nhu sau:

1. Kénh hoa tiéu truyén tat ca bit 0 ¢ tbc do 19,2 kbps

2. Kénh dong bo hoat dong & tdc do cb dinh 1200bps

3. Kénh nhian tin hd tro toc d6 dir lidu cb dinh hoat dong ¢ tai 9600, 4800,
hoac 2400 bit/s.

4. Kénh luu thong thuan hd trg dir liéu thay doi ¢ toc do 9600, 4800, 2400
hoac 1200 bit/s.

Nhitng ky hiéu dd ma hoa thong thuong dugce xac dinh 13 16i ra ctia bo ma
ho4 sira 16i. C4c bit thong tin 13 16i vao ciia bo ma hoa va cac ky hiéu ma 1a 16i ra
cua bo ma hoa. T4t ca cac kénh ma trir kénh hoa tiéu, mdi ky hi¢u da ma hoa dugc
13p lai trude khi xen khoi bat cir khi nao téc d6 thong tin thip hon 9600 bit/s.

Vi kénh luu thong va kénh nhén tin, su 1dp lai phu thudc vao téc do dir
liéu ctia mdi kénh. Mdi ky hiéu mi & toc do dir liéu 4,8 kp/s duoc lap lai mot lan
(mdi ky hiéu 2 1an). M&i ky hiéu ma ¢ toc d6 2,4 kb/s lap lai 3 1an (mdi ky hiéu 4
1an). Mdi ky hiéu ma & téc d6 dir kiéu 1,2 kb/s lip lai 7 1an (mdi ky hiéu 8 lan).
Vi vy, v6i tat ca cac toc do dit lidu (9.6, 4.8, 2.4, va 1.2 kb/s) su lap lai ky hiéu
s& din dén tdc d6 ky hiéu diéu ché khong ddi 19.2 ksps. Vi kénh dong b, mbi
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ky hiéu ma hoa dugc lap lai 1 1an (mdi ky hiéu 2 1an) va téc d6 ky hiéu diéu ché
1a 4800 sps.

Tat ca cac ky hiéu sau khi lap trong kénh dong bd, nhin tin, luu thong
thuan duoc xen khéi. Muc dich cua viéc st dung xen khéi 1a bao vé dir li€u khoi
161 cum trong khi truyén chung qua méi trudng fading da dudng. Sau khi xen kg,
mdi kénh ma trong kénh CDMA thuan dugc trai truc giao béi mot trong 64 ham
Walsh va sau d6 dugc trai boi mot cip truc giao ciia chudi hoa tiéu PN & toc do
chip ¢ dinh 1.2288 Mcps. Dit liéu nhi phan (0 hodc 1) trai truc giao dugc cung
cip cho cac mach loc bang gdc. Tiép sau mach loc bing gdc, kénh CDMA thuén
gdm khoa dich pha nhi phan, dit liéu duoc diéu ché v6i song mang dé tao ra khoa
dich pha vudng géc QPSK trude khi truyén.

X4o tron dit lidu thich hop dé cung cdp cho kénh nhin tin va kénh luu
thong thuan. Xdo tron dir liéu dugc thuc hién trong bd xen khéi (block
interleaver). Tai 16i ra, téc do ky hiéu diéu ché 19,2 ksps. X4o tron dit liéu duogc
thuc hién nho viéc cong modunlo-2 cua tin hi¢u 16i ra bo xen k& véi gia tri nhi
phin cia ma dai. Ma dai 12 mot chudi PN 2*%-1. Chudi nay st dung cho sy x40
tron trong kénh CDMA thuén (cu thé 1a kénh nhén tin va luu thong thuan) va trai
pho trong kénh CDMA nguoc (cu thé 1a kénh truy cap va kénh luu thong ngugc)

Mit na ma dai 1a sb nhi phan 42-bit. Mdi chip PN ciia ma dai duoc tao ra
bdi phép nhan modulo-2 ctua 42 bit mat na va 42 bit trang thai LFSR trong may
phat ma dai. M3 dai hoat dong & téc d6 déng hd 1.2288MHz 14 twong dwong vai
chudi chip PN ¢ 16i ra cia may phat ma dai. Cha y 1a chip PN duogc dinh nghia 1a
mot bit trong chudi PN. Khi ma dai dugc chia thanh 64bit (hodc chip), bit dau tién
trong 64 bit dugc st dung cho vi¢c xao tron dir liéu & toc dd 19,2 bit/s.

Tram co s& khong dua vao kénh con diéu khién cong suét trong kénh nhan
tin. Nhung kénh con diéu khién cong suat trong kénh luu thong thuan truyén céc
bit diéu khién cong sudt mot cach lién tuc & téc do 800 bit/s cu thé 1a mot bit (0
hodc 1) truyén véi toc do 1,25ms (=1/800). Bit diéu khién cong suat ‘0’ thé hién
may di dong can ting muc diéu khién cong suit ra trung binh va bit diéu khién
cong suat ‘1” chi ra raing may di dong can giam mirc cong suét ra trung binh. Vi
vay may di dong s& diéu chinh muc cong suét ra trung binh cta nd dé dap tng su
nhan bit diéu khién cong suit dung trong kénh luu thong thuan.

Kénh CDMA nguoc bao gém kénh truy cap, kénh luu thong nguoc. Dir
liéu truyén trong kénh CDMA ngugc dugc nhoém thanh cic khung 20ms. Tét ca dir

liéu truyén trong kénh CDMA nguoc dugc mé hoa cho viéc sira 16i ngau nhién dé
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bao vé bd xen khdi khoi 161 cum (burst). Cac dir lidu nay duogc diéu ché bai cac
mi 64-Walsh. Chung gdm 64 chip va dugc trai ph6 chudi truc tiép boi ma dai chu
ki 2*2-1 chip trude khi truyén.

B6 ngau nhién cum dit liéu khong dugc sir dung khi may di dong truyén
trong kénh truy cap. Nhung trong kénh nguoc, bd ngau nhién cum dir lidu tao ra
phﬂ?m mat na gém cac s6 0 va 1. Céc sb nay che di nhitng dir li€u thira tao ra boi su
phat 1ip mi. Kénh luvu théng nguoc va kénh truy cap duoc trai chudi truc tiép boi
ma dai. Su trai chudi nay lién quan dén cong modulo-2 cua tin hi€u 16i ra tr bd
ngau nhién.

Mot khung dugc dinh nghia 1a khoang dinh thoi co ban trong hé théng.
Véi kénh truy cap, kénh nhén tin, va kénh luu thong thuin nghich thi 1 khung kéo
dai 20 ms. Vi kénh dong b, 1 khung 13 26.666 ms.

B6 chi thi gia tri khung 13 kiém tra CRC cho khung kénh luvu théng 1a
9600 bit/s va 4800bit/s. M du thira tuan hoan (CRC) 1a 1 16p ma do 15i tuyén tinh
tao ra cac bit kiém tra chén 16 bang cach tim ra phan du cta phép chia da thic. Bo
chi thi gia tri khung hd trg 2 chtrc ning tai may thu. Chirc ning dau tién 1a xac
dinh téc do truyén khung. Chuc ning thtr hai 13 xac dinh c6 hay khong c6 15i
khung.

Céac bit & phan ma hoa cubdi biéu dién chudi bit c¢d dinh duoc thém vao
phan cudi khung dir liéu dé khoi phuc lai ma nhan chap thanh trang thai da biét.
Dur liéu truyén hodc & kénh CDMA ngugc hodc la & kénh CDMA thuan duogc
nhom trong khung 20ms.

Cau tric khung ¢ ca kénh luu thong thuan va kénh luu thong nguoc duoc
mo ta nhu sau:

(I) M&i khung kénh luu thong ngugc truyén tai:

1. Tbc do dir liéu 9600bit/s gdm 192bit v4i 172 bit thong tin, 12 khung bo chi
thi gia tri va 8 bit dudi ma hoa

2. Tbc @6 dir liéu 4800 bit/s gom 80 bit thong tin, 8 bit CRC, 8 bit dudi ma
hoa

3. Toc d 2400 bit/s gom 48 bit v6i 40 bit thong tin, 8 bit dudi ma, 8 bit CRC
khong duoc st dung & khung kénh luu thong nguoc tai toc do nay.

4. Tbc do dir liéu 1200 bit/s gdm 24 bit. Trong d6 c6 16 bit thong tin, 8 bit
dudi ma, 8 bit CRC khong dugce st dung ¢ khung kénh luu thong nguoc tai

toc do nay.
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5. Mdi khung kénh truy cap gdm 96 bit (20 ms khung & toc do 4800 bit/s)
Trong d6 c6 88 bit thong tin va 8 bit dudi ma, 8 bit CRC khong dugce su
dung trong kénh nay.

(IT) M&i khung kénh luu thong thuan truyén tai:

1. Téc d6 dir lidu 9600 bit/s gdbm 192 bit trong d6 172 bit thong tin, 12 bit
dudi ma.

2. Tdéc do dir liéu 4800 bit/s gdm 96 bit trong d6 co 8 bit thong tin, 1a 8 bit
CRC, 8 bit CRC, 8 bit dudi ma.

3. Tbc do dir lidu 2400 bit/s gdm 48 bit trong d6 gdm 40 bit thong tin, 8 bit
dudi ma. 8 bit CRC khong duogc st dung trong kénh luu thong thuin & téc
do nay.

4. Tdc @6 dir liéu 120 bit/s gdm 24 bit trong d6 c6 16 bit thong tin, 8 bit dudi
ma, 8 bit CRC khoéng dugc st dung cho kénh nay tai toc do dir liéu 1200
bit/s.

2.1.3 Xirly cudc goi
Xt 1y cude goi c¢6 thé chia thanh 2 phan: xt Iy cudc goi may di dong va xir 1y
cudc goi tram co s&. Xu 1y cude goi lién quan téi ky thuat vé giao thirc truyén ban tin

gifra tram co s& va may di dong

2.1.3.1 Xir ly cudc goi tai may di dong
Xir 1y cudc goi tai may di dong gém 4 trang thai nhu sau:
1. Thiét Igp trang thdi khéi déng mdy di déng: Trong trang thai ndy, may di dong
phai:
+ Chon hé théng nao dugc st dung (tuong ty hay CDMA).
+ Thu kénh hoa tiéu ctia hé théng CDMA da chon trong vong 20ms.
+ Nhan va xir Iy ban tin kénh dong bd dé thu dugc cdu hinh hé théng va
thong tin dinh thoi.
+ Dong bo hoa dinh thoi ma dai va dinh thdi hé thong cua hé théng CDMA
2. Trang thdi réi cua may di déng.
Trong budc nay, may di dong giam sat cic ban tin trong kénh nhan tin.
May di dong cé thé nhan ban tin, nhan cudc goi dén hodc khoi dau su truyén tin.
3. Trang thdi truy cdp hé thong.
Trong budc nay may di dong gui ban tin téi tram co sé trong kénh truy
cap va thu ban tin tir tram co s& trong kénh nhan tin. Truy cap hé thong gdm céc

budc sau va may di dong phai:
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+ Giam séat kénh nhin tin cho dén khi n6 di nhan duoc tap ban tin cAu
hinh.
+ Gri ban tin gbc tGi tram co s6.
+ GUri ban tin nhan tin twong ng tdi tram co s9.
+ Gui dap lai ban tin da nhan tr tram co soé.
+ Gui ban tin bao cdo td1 tram co so.
+ Gui ban tin cum dir li€u téi1 tram co so.

May di dong truyén trong kénh truy cdp st dung qua trinh truy cip ngiu
nhién. Toan bd qua trinh gir1t mot ban tin va nhan sy ghi nhan ban tin d6 dugc goi
13 sy thir truy cdp (access attempt). Mdi 1an truyén trong sy thir truy cip duoc goi
1a do tim truy cép (access probe). May di dong truyén ban tin gidng nhau trong
mdi do tim truy cdp trong su thtr truy cap. Mdi do tim truy cidp gdm bd dong bod
ban dau kénh truy cip va géi ban tin kénh truy cap.

4. Piéu khién mdy di dong trong kénh lwu théng: Trong trang thai nay may di
dong lién lac v6i1 tram co s& st dung kénh luu thong thuan va nghich.

Trang thai ndy gdm cac phan sau va may di dong phai:

+ Kiém tra réng no6 c6 thé nhan tin hiéu & kénh luu thong thuan va bat dau
truyén tin trong kénh luu thong ngugc.

+ Cho 1€nh bao thong tin ban tin.

+ Cho nguoit dung tra 161 cudc goi.

+ Trao doi céc g01 truyén géc vO1 tram co s¢ dudi ing dung lya chon dich
vu dau tién.

+ Cit cudc goi.

2.1.3.2 Xir ly cudc goi tram co sé&

Xir 1y cudc goi tram co so lién quan téi phuong phap truyén ban tin gitra

tram co s& va may di dong. Xt 1y cudc goi tram co s& gdm cac qué trinh nhu sau:
+ Xk Iy kénh dong bé va hoa tiéu.

Trong sudt qua trinh xir 1y kénh déng bo va kénh hoa tiéu, tram co s&
truyén tin hiéu kénh hoa tiéu va kénh dong bo. Mdy di dong sir dung qué trinh nay
dé thu va dong bo hoa hé thong CDMA trong khi né & trong trang thai thiét lap
trang thai ban dau.

+ Xk Iy tin hiéu kénh nhdn tin.

Trong sudt qué trinh xir 1y tin hi¢u kénh nhan tin tram co s& truyén tin

hiéu kénh nhin tin, may di dong giam sat dé nhan ban tin trong khi n6 dang &

trang thai rdi va truy cap hé thng.
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+ Xuw ly tin hiéu kénh truy cdp.

Trong sudt qua trinh xt 1y tin hiéu kénh truy cap, tram co sé giam sat tin
hiéu kénh truy cap dé nhan ban tin truyén tir may di dong trong khi né dang trong
tinh trang truy cap hé thng.

+ Xuw Iy tin hiéu kénh luu thong.

Trong sudt qua trinh x 1y tin hiéu kénh lwu théng tram co s& st dung tin

hiéu & cac kénh truyén thuin va nguoc dé lién lac voi may di dong trong khi nod

dang trong tinh trang diéu khién tin hiéu kénh luu thong.

2.2 Trai phé trong hé théng thong tin di dong CDMA [18], [20]
2.2.1 Cac hé thong thong tin trai pho

Trong cic hé thdng thong tin, ngudi ta thudng quan tdm tdi do rong bing
tan va cac thiét ké sao cho str dung cang it 46 rong bang tan cang tét. Tuy nhién
trong hé théng thong tin trai phd (SS), d6 rong bing tan cua tin hiéu duoc mo
rong hang trim 1an trude khi phat, diéu nay giy lang phi néu hé théng chi c6 mot
ngudi st dung. Nhung trong méi trudng nhiéu ngudi str dung thi tit ca ho c6 thé
dung chung mot bang tan trai phd. Luc nay hé thdng st dung bing tan c6 hiéu qua
ma van duy tri dugc cac vu diém cua viée trai phd.

Trai pho 13 phuong thrc truyén dan thuc hién bién d6i tin hiéu mang tin
thanh tin hiéu truyén dan vé6i dai tin 16n hon nhiéu. Phé cua tin hiéu sau khi xu 1y
s6 duogc trai rong dén d6 rong bang tan can thiét sau d6 bo diéu ché s& chuyén phd
nay dén dai tdn duoc cip cho truyén dan rdi dugc khuyéch dai va phat ra kénh.
Tai may thu, tin hiéu duoc khoi phuc lai trang thai ban dau bang cach thuc hién
cac qua trinh nguoc lai phia phat: giai diéu ché tin hiéu thu, nén pho va thuc hién
cac bude xir 1y s6. Qua trinh trai pho s& trai cong suat cia tin hiéu tin ra trén mot
bang tan rong hon nhiéu so véi ban dau, do d6 1am giam mat d6 pho cong suat. Ty
s6 gitra phd tin hiéu truyén di (W) va dai pho tin hiéu ban dau (B) goi 13 hé sb trai
phé (G). Trong quin su G =W/B ~ 100000, trong din su G=4+256. Tin hiéu trai
phd duogc st dung chu yéu dé cai thién chét luong trong khu vuc nhidu cod thé
chép nhan duoc, diéu nay duogc thuc hién béng cach rai rac tin hiéu khép dai bang
tan. Tin hiéu nay thudng duoc phan tan véi tde d6 16n it nhat gip 10 1an hodc 16n
hon nita so vé6i téc d6 thong tin. Vi vy trong vai trudng hop viée giam mat do
phd cong suit 1am ting kha ning chia sé phd so v&i phuong thic truy cép truyén
théng (g6m FDMA va TDMA). Viéc truyén ning luong tin trén mot bang tan rong

hon rat nhi€u lan yéu cau t61i thi€u cho hai 1¢i ich: mat d6 phd cong suat va 4o du

D6 Thi Thu — K46DB 20 Pai Hoc Cong Nghé - PHQGHN



Khéa ludn tét nghiép Diéu khién céng sudt trong hé thong CDMA

thira. Hé théng thu phai nén phd tin hiéu dé chuyén ddi sang tin hiéu c6 phd gdc
va déng bo chinh x4c. Uu diém 1a loai bé duoc nhiu va chéng fading. Do dai
bang rong, phﬁn nang luong tai tan sd cu thé thép nén mat do cong suat cua tin
hiéu truyén ddi v6i hé thong thu khic 1a khong dang ké (tirc 1a khong giy ra
nhidu) trong cung khu vuc va khong cho ddi twong khac thAm nhap vao ndi dung
cta tin hiéu (nghe trom), tao nén mirc an toan hé théng cao. Do du thira lién quan
toi viée tin hiéu & tai cdc tan sd khac nhau va nho do né cé thé duoge khoi phuc lai
khi c6 18i. Tac dung cta du thira 12 hé thong trai pho thé hién sy dé khang cao d6i
v6i nhiéu, kha ning khoi phuc thong tin cao tham chi v4i nhiéu ¢ mirc trung binh.

Mot hé thdng thong tin sb dugc coi 1a trai phd néu:

- Tin hi€u dugc phat chiém d6 rong bang tan 16n hon do rong bang
tan ti thiéu can thiét dé phat thong tin.
- Trai phé duoc thuc hién béng mot ma doc lap véi sb liéu.

C6 ba kiéu hé théng trai phd co ban: trai phd day truc tiép (DSSS), nhay
tan (FHSS) va nhay thoi gian (THSS). Ngoai ra, ciing c6 thé tong hop thanh hé
thong lai ghép.

H¢ théng DSSS thuc hién trai phé béng cach nhan tin hiéu nguén vo1 mot
tin hi¢u gia ngﬁu nhién c6 toc d6 chip (R=1/T,, T, la thoi gian mgt chip) cao hon
nhiéu tdc do bit (R,=1/Ty, Ty 1 thoi gian mot bit) cta ludng sb can phat. Hé thong
FHSS thuc hién trai phd bang cach nhay tin s6 mang trén mot tap 1on cac tan sd.
M3u nhay tan c6 dang gia ngiu nhién. Tan sd trong khoang thoi gian mot chip gitr
nguyén khong d6i. Toc do nhay tan c6 thé nhanh hay cham. Trong hé théng nhay
tan nhanh, nhay tin duoc thuc hién ¢ tdc d6 cao hon tdc d6 bit ctia ban tin con &
hé théng nhay tan cham thi nguoc lai. Trong hé thong THSS, mot khéi céc bit s6
liéu dugc nén va duoc phat ngat quing trong mot hay nhiéu khe thoi gian trong
mot khung chira mot s lugng 16n cac khe thoi gian.

Luc dau k¥ thuat trai phd duoc str dung trong hé thong thong tin quan su.
Y tuéng ciia k¥ thuat SS 1a 1am cho tin hiéu phat gidng nhu tap am ddi véi céc
may thu khong mong muén nham giy kho khin cho may niy trong viéc tach va
lay ra duoc ban tin. Dé bién doi ban tin thanh tin hié¢u giéng tap am, sir dung ma
gia ngau nhién, may thu phai biét duoc ma nay dé tao ra ban sao cia ma mot cach
chinh xac va déng bd véi ma dugc phat dé khoi phuc lai ban tin. Vi thé ma gia
ngau nhién phai 1a xac dinh. Ma gia ngiu nhién phai duoc thiét ké dé c6 d6 rong

bang tan 16n hon nhiéu d§ rong bang tan cua ban tin. Ban tin trén dugc bién doi
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boi ma sao cho tin hiéu nhan dugc c¢6 d6 rong phd gan bing do rong phd cua tin
hiéu gid ngiu nhién.

Hién nay hé thdng SS quan tdm t&i cac ung dung da truy cdp ma ¢ d6
nhidu nguoi st dung cung sé¢ mot do rong bang tan truyén din. Trong hé thdng
DSSS tit ca ngudi st dung dung chung mot bang tan va phat tin hiéu ctia ho dong
thoi. May thu st dung tin hiéu gia ngiu nhién chinh xac dé ldy tin hiéu mong
mudn bang cach giai trai phd. Cac tin hiéu khac xuét hién & dang nhidu phd rong
cong suét thap gia tap 4m. Trong cac hé théng FHSS va THSS mdi nguoi st dung
duoc 4n dinh mot ma gia ngiu nhién sao cho khong c6 cip may phat nao st dung
cung tan sé hay cung khe thoi gian vi vAy cac mdy phat s& tranh dugc xung dot.
Nhu vay FHSS va THSS 1a cac kiéu hé théng tranh xung dot trong khi d6 DSSS 1a
kiéu hé théng 14y trung binh. Hé thdng thong tin di dong CDMA chi st dung

DSSS vi vy ta s& quan tdm dic biét t6i hé théng nay.

2.2.2 Ma gia tap am
Viéc lya chon chudi nay cho hé théng DS-CDMA 14 rat quan trong vi né
anh huong t6i kha nang chdng nhidu da dudng va nhidu da nguoi dung trong DS-
CDMA. Cac didc diém ctia chudi:
e MbJi chudi & thdi diém t trong tip hop cac chudi phai dé dang phan biét
duoc voi ban than chung ¢ thoi diém t+k.
e MaJi chudi trong tap hop cac chudi phai dé dang phan biét dugc vi mot
chudi khéc trong tap hop.

2.2.2.1 Chudi m

Cac tin hiéu trai phé bang rong tua tap am duoc tao bﬁng cach st dung céc
chudi ma gia tap 4m (PN) hay gia ngiu nhién. Trong cic hé thong trai pho truc
tiép (DS/SS) dang song cua trai phd gia tap 4m 1a mot ham thoi gian cua mot
chudi PN. Trong cac hé thong trai pho nhay tan (FH/SS) cac mau nhay tan co thé
duoc tao ra tor mot ma PN.

Loai quan trong nhat ctia cac chudi ngiu nhién 1a cac chudi thanh ghi dich
co sd hai do dai cuc dai hay cac chudi-m. Cac chudi co s hai m duoc tao ra bﬁng
cach st dung thanh ghi dich c6 mach hoi tiép va cac mach cong hoic loai trir
(XOR) thyc hién cac phép cong modun-2. Mot chudi thanh ghi dich tuyén tinh
duoc xac dinh boi mot da thirc tao ma tuyén tinh g(x) bic m>0:

gy =g, x" +g, X" +. . +gx+g, (2.1)
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Déi vi cac chudi co s hai (co gia tri {0,1}), g; bang 0 hay 1 va g,=go=1.
Pit g(x)=0 ta dugc su qui hdi nhu sau:
l=gx+g,x’ +.+g, x" " +x" (2.2)
Vi -1=1(mod 2). Vi x* thé hién don vi tré, phwong trinh hdi quy trén xéac
dinh céc két ndi hoi tiép trong mach thanh ghi dich co s hai ctia hinh 2.1.
Néu gi=1 twong tng cua mach dong va nguoc lai. Bé thyc hién diéu ché 2
pha tiép theo, ddu ra ctia mach thanh ghi dich phai duoc bién d6i thanh 1 néu 16i

ra 12 0 va -1 néu 16i ra 1a 1. Thanh ghi dich 1a mot mach co sb hai trang thai hiru

g1 g1 g1
By S B U O It Iy T
x° x! x> x"

Pén bo
diéu che

Hinh 2.1. Mach thanh ghi dich

han c6 m phén ttr nhd. Vi thé sb trang thai khac 0 cuc dai 1a 2™-1 va béng sb chu
ky cuc dai ctia chudi ra c=(c, c1, C»,...).

Trang thai ctia thanh ghi dich ¢ xung dong hd i 1a vecto o dai hiru han s ;
= {Si(1),Si(2),...Si(m)}. Pau ra & xung dong hod i 1 ciy=s;(m). Thay 1 bang ¢; vao
phuong trinh 2.2 ta dugc diéu kién truy hdi cua chudi ra:

¢, =8C  +8:Cintet g, (CopFCi (2.3)

Hay ¢, , =g.¢;,,1 + €:Ciin Tt &piCivs T €
dbi voi i>0. Thi du xét da thtrc tao ma g(x)=x"+ x* + x>+ x + 1. St dung phuong
trinh 2.3 ta duoc hoi quy ¢i=¢i.; + Ci.3 + Ci4 + ci.s (mod 2) va xay dung thanh ghi
dich hoi tiép tuyén tinh. Vi bac cua g(x) 12 m=5 nén c6 5 don vi nhé (5 phan tir
nhd thanh ghi dich) trong mach. Péi voi moi trang thai khai dau khac 0
(S0 0.0.0.0.0y)> trang thai thanh ghi dich thay d6i theo diéu kién hoéi quy dugc xac
dinh boi da thirc tao mi g(x). Trong thi du nay chudi ra tudn hoan 1a c¢ot cudi clng
& hinh 2.2: ¢=111101000100101011000011100110... Chudi nay c6 chu ky cuc dai
va bang n=2"-1. Céc da thtrc tao mi khac c6 thé tao ra chu ky ngan hon nhiéu. O
cAu hinh mach nay, m bit dAu tién cua chudi ra béng cac bit dugc nap ban dau vao
thanh ghi dich: sy=11111. Péi véi nap ban dau khac, nhu s,=00001, dau ra cua
chudi twong tng trd thanh 1000011100110111110100010010101..., 1a dich (sang
phai n-i=31-18=13 don vi) cua chudi c.

Mot thi du vé thanh ghi dich chu ky n. Ta ky hi¢u Tc 1a su dich ctia chudi
¢ sang trai j 1an. Tir hinh 2.2 ta thiy rang co céc loai dich sau: T™c, T7c, T ¢, T-
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'c. Cac dich khac co6 thé nhan duoc bang cach két hop tuyén tinh m=5 dau ra noi
trén. Chéng han st dung mat chan 00101 trén 5 trang thai ¢ hinh 2.2 (béng céng
AND), ta c6 thé nhin duoc T?c+c = 0001001010110000111001101111101....,
day chinh 1a T”c hay T*c. Ta d4 xét 2 cach khac nhau dé chon pha cua 16i ra.

Vi chudi ¢ tudn hoan c6 do dai khong xac dinh nén chi can xét chu ky cua
chudi ra van su dung ¢ cho chudi c6 do dai hitu han {c0,C1,....Cn-1}. Toan tu dich
T* bay gio dugce biéu thi v&i thao tac dich vong:

T7c=(c;,c

ety s CounnnniCiy) VA T =(Cp gy Comnniy_iy)  (2.4)

Tbc do ctia mach trong hinh 2.1 bi han ché boi tong thoi gian tré trong mot

A VAR A A 0 | 11111 [ 17 | otinn
? Y Y * 1 [ 10010 [ 18 | 11010
2 [o1001 [ 19 | ot101
| D > >|:} > 3 [ 11001 [ 20 [ 11011
o 4 [ 10001 | 21 [ 10000
Cs C4 C3 C2 i 5 [ 10101 | 22 [ 00100
6 | 10111 | 23 | 00010
7 | 10110 | 24 | 00001
8 | 01011 |25 | 11101
9 [ 11000 | 26 | 10011
10 | 01100 | 27 | 10100
11 | 00110 | 28 | 01010
12 [ 00011 [ 29 | 00101
(T_7c)i 13 | 11100 | 30 | 11111
14 [ 01110 | 31 | 10010
> 15 | 00111 | 32 | Lap lai
Hinh 2.2 Mach thanh ghi dich véi g(x) = x’+x* x> +x+1 16 [ 11110

phan thanh ghi dich va cac thoi gian tré trong tit ca cac cong hodc loai trir &

duong hdi tiép, rd6 rang toc d6 déng hd khong thé nhanh hon
m—1

(7 ppanucion + Txor 0, &) - D€ thuc hién toc do cao voi toc do dong ho bang
i=1

(T ppamaicn + Txor ) » NEUOT ta co thé sir dung so d6 téc do cao & hinh 2.3. Ta thay

rang:

s,(m)=g, s, (m)+s,_ (m-1)=g, s, (m)+(g, s, ,(m)+s,_,(m—-2)) (mOd 2)

=guSiam)+g, s, ,(m)+...+gs, . ,(m)+s,_,. (1) (2.5)
Vis, , (D)=s,,(m) (m) (xem ¢ hinh 2.1) va phuong trinh trén cho:
€ =8uiaCit Y &naCin ten ¥ 8160 TC1y,
Vi vay hai cach thuc hién trén co thé tao ra cung chudi dau ra néu m bit

dau tién ra trung nhau. Nhung céc trang thai diu cua ching khac nhau thi s& ¢
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cac chudi trang thai khac nhau. Hinh 2.4 thuc hi¢n chudi thanh ghi dich nhu &
hinh 2.2 véi toc do cao.

ng ng J Em
v G
Si(D) _@_> Si(2) Aé_, ) I - é—» Si(m) >

Hinh 2.3 Mach thanh ghi dich téc d6 cao

Mot chudi thanh ghi dich co s6 2 tuyén tinh, v4i chu ky n=2"-1 trong do
m 1a sb don vi nho trong mach hay béc cua da thirc tao ma, dugc goi 1a mot chudi
co s6 hai c6 do dai cuc dai hay co sé m. Pa thtrc tao ma cua chudi m duogc goi 1a
da thac nguyén thuy (Primittive Polynomial). Pinh nghia toan hoc ctua da thuc
nay 1a: g(x) 1a mot da thirc nguyén thuy bac m néu sé nguyén nho nhat n, ma d6i
v6i sb nay, x"-1 chia hét cho da thuc g(x), bang n=2"-1. Thi du g(x)= x’ + x* + x°
+x?+ x + 1 12 mot da thic nguyén thuy bac m=5, vi s nguyén n nho nhit ma
x"-1 chia hét cho da thirc g(x) 1a n=2°-1=31. Trai lai g(x)=x*+ x> + x> + x + 1
khong phai 13 nguyén thuy vi sé nguyén n nhé nhit ma x"-1 chia hét cho da thuc

g(x) 1a 6 khong phai bang 2*-1=15. S6 cac da thic nguyén thuy bic m bing:
1 m

—p(2" =1

m

1
Trong d6 1a ham Euler xac dinh bai: @(n)=n] [ (1 —;) (2.6)

p/n

¢ day p/n ky hiéu tat ca cac udc s6 nguyén to cia n

0 [ iiiil | 17 | o1l
[ | 1000 | 18 | 11010
2 [ 01001 | 19 | oitol
3 [ 11001 | 20 | 11011
4| 10001 | 21 | 10000
5 | 10101 | 22 | 00100
> VA > — T TorT 35 [ oooio
Cs Cy cs c ¢ Ci 7 [ 10110 | 24 | 00001
§ | olo11 | 25 | 11101
, 9 [ 11000 | 26 | 10011
Hinh 2.4: Mach thanh ghi dich toc do cao 10 | 01100 | 27 | 10100
Cho g(x)=x+x'+x’+x*+x + 1 11| 00110 | 28 | 01010
12| 00011 | 29 | o0oto1
13 | 11100 | 30 | 11111
4 | olito | 31 | 10010
15 | 00111 | 32 | Laplai
6 | 11110 | 33

Ta c6 thé tim thdy cic da thitc nguyén thuy bang cach chon thir. Nhiéu
bang da thirc nguyén thuy duoc cong bd ¢ nhiéu tai licu.
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VD: da thirc nguyén thuy co sb 2 ¢c6 bac m=3, 4 vdi trinh tu cac hé sb
g(0), g(1),..., g(4) nhu sau:

m=3
1011 1+x*+x°
1101 l1+x+x°
m=4
10011 1+x°+x*
11001 1+x+x*

Pa thirc nguyén thuy 1a tdi gian nghia 13 ta khong thé phan tich thanh cac
da thirc bac thip hon. Nhung nguoc lai thi khong dung. Mot da thiac khong
nguyén thuy c6 thé cho mot chudi cé chu ky nhé hon n=2"-1. Chang han da thuc
g(x)=x"+x'+ x>+ x>+ x + 1 duoc sir dung ¢ hinh 2.2 tao ra mot chudi m c6 chu
ky n=2°-1=31 nhu di thdy. Trai lai da thuc tao mi g(x)= x* + x> + x> + x + 1
khong phai 1a da thitc nguyén thuy (mic du c6 thé chi ra rang khong chira thira s6
ndo c6 bac nho hon vi thé 13 n6 da thirc t6i gian, hay da thirc nguyén td), vi no tao
ra mot chudi co chu ky 1a 5 thay vi 2*-1=15 (xem hinh 2.5)

@ Xung dong ho trang thai
1111
0111
l' 1011

1101
1110
1111
lap lai

Hinh 2.5: Mach thanh ghi dich cho da murc

tao ma g(x)= X+ x+ 1

AN NPk WD —=O

Xét da thirc g(x) = x* + x* + 1 1a mot da thuc chua tdi gian vi ta co thé

phén tich n6 vao cac thira sd: (x* +x + I)(x*+x+ ) =x"+ x* + 2x° +2x* + 2x + 1

vi 2=0(mod 2). Ca 2 da thirc thanh phan x” + x + 1 va x>+ x + 1 12 nguyén thuy vi

thé no tdi gian. Chudi thanh ghi dich dugc tao ra bai g(x) = x° + x* +1 ¢6 tinh chat

dic biét, chiang han khi nap ban dau 1a 11111, chudi dau ra Ia

1111100001000011001010... véi chu ky 7.3=21. Gia sit c=c¢CiC;. Com.2 12 MOt
chudi m dugc tao ra béi mot da thirc nguyén thuy cb dinh:

gx)=x"+g, x""+g X" +.+gx +1 (2.7)

Xét hinh 2.1 néu ta sir dung cac gia tri nap ban dau khac khong, khac nhau

cho thanh ghi dich m phén tir thi c6 thé nhan duge cac chudi m khac nhau, tat ca

ching 1a dich vong so v&i nhau. Gia sir S, biéu thi tap n= 2™ -1 chudi duoc tao

boi g(x) va chudi toan khong co6 do dai n=2"-1. Tap S, ndy sé& tao nén mot khong
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gian vecto c6 2"=n+1 chudi. Vi du, xét g(x)= x>+ x* + 1, mach thanh ghi dich
duoc mo ta & hinh 2.6 va S, duoc cho bai:

¢ 1110010 |
T—l
¢l (1100101
T7c| |1001011
g _ T7c¢| |0010111
" | 74| |0101110
T5¢| [1011100
T-¢c| | 0111001
1 0000000
D Xung dong hd Trang thai
1 0 111
1 011
N 1
—> 2 001
o 3 100
Hinh 2.6 Mach thanh ghi dich cho da 2 o010
thirc tao mi g(x)=x" + x> + 1 3 101
6 110

Khoang cach Hamming giita 2 vecto 1a sb vi tri ma chung khac nhau. Di
v6i 2 vecto hang bat ky ta co thé thay ring khoang cach Hamming gidng nhau va
bang (n+1)/2. Vi vay S, dugc coi 1a mot tap don.

Chudi-m 14 nhén t quan trong trong trai phd. Phan phu luc dua ra phan
tinh todn thuc hién cdc thanh ghi dich tao nén chudi-m. Thuit toan tinh toan co
thé thay doi dé dang cac théng sé nham tao ra chudi-m c6 chiéu dai tiy y. Mot sb
két qua duoc dua ra nhu dudi day:

Bic cua tin hiéu gia ngiu nhién bang 5, da thire sinh 1a x’+x*+x*+x+1. Tin
hiéu gia ngau nhién duogc phat ra:

dayGNN =
Columns 1 through 17
!1 0 0o 0 0611 0 1 0 1 0 O 1 O 0 O
Columns 18 through 31
1 0 11 1 1 1 O 1T 1 O O 1 1
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2.2.2.2 Céc thudc tinh ciia chudi m

Thudc tinh ghi dich: Dich vong (dich trai hodc dich phai) ctia mot chudi m
cling 12 chudi m. N6i cach khac néu ¢ nam trong tip S,, thi dich vong ¢
cung nam trong tap S.
Thudc tinh héi quy: moi chudi m déu thoa man chudi hdi quy:

€, =8C +8:C o+t g, (CoinFCi voi1=0,1,2,...
Thuoc tinh cira sd: Néu mot cira sd do rong m truot doc chudi m trong tap
Sm, mi diy n=2"-1 trong sé m day bit khac khong nay s& duoc nhin thay
dung mot 1an. Chang han xét ctra s6 do dai 4 cho chudi 000100110101111.
Tudng tugng rang chudi nay dugc viét thanh vong.
Thuoc tinh s s6 1 nhiéu hon s sd 0: Mot chudi m trong tap S,, chira n=2"-
161 van=2"s60.
Thudc tinh cong: Tong 2 chudi m (cong mod 2 theo téng thanh phan) 1a
mot chudi m khac.
Thudc tinh dich va cong: Téng ctia mot chudi m va dich vong cua chinh no
(cong mod 2 theo tong thanh phan) 1a mot chudi m khac.
Thudc tinh ham tu twong quan dang dau dinh: Ham tu twong quan tuin

hoan chuan hoa cia mot chudi m dugc xac dinh nhu sau:
ey

R() :%i(‘”

Bang 1 d6i v6i i=0 (mod n) va bang -1/n v6i i 0 (mod n) (hinh 2.7).

R(i)

. -1/n

-n 3 -2 -1 1 2 3 n

Hinh 2.7 Ham ty twong quan dang dau dinh ciia mét chudi m
Thudc tinh cac doan chay (Runs): Mot doan chay 1a mot xau cac s 1 hay
s6 0 lién tiép. Trong moi chudi m, s6 budc chay c6 chiéu dai bang 1 1a 1/2
tong cac budc chay, s budc chay co chiéu dai bang 2 13 1/4 tong céc budc

chay, s6 buéc chay co6 chiéu dai bang 3 1a 1/8 tong cac budc chay.
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gniep

e Thudc tinh pha dic trung: c6 dang mot chudi ¢ trong tip S,, thoa mén diéu
kién C;=C,; dbi véi tit ca cac I e Z. Chudi m nay duoc goi la chudi ¢ dic
trung hay pha dic trung cua cac chudi m trong tap S.

e Thudc tinh 14y miu: LAy mau ct& n bit 1 1an duoc biéu thi c(n).
2.2.3 Cic chudi Gold

Céac chudi-m 13 cac ham ty twong quan dang dau dinh. Chung c6 céc thudce
tinh ty twong quan tuan hoan dang dau dinh t6t nhat s& giam téi da ty twong quan
léch pha. Vi thé cac chudi-m rat phu hop cho hoat dong déng bo ma. béi véi
thong tin di bd nhiéu nguoi su dung can c6 mot tap 16n cac chudi-m co gia tri
tuong quan chéo nho.

Gia sir ta dinh nghia twong quan chéo tuan hoan cuia hai chudi (c6 thé 1a
phirc) u = uguy..uuy VA v=vvv,..v, , (trong d6 uj, v; cd gia tri 1a 1 hodc -1 ddi

vO1 chuoi co so hai) nhu sau:

n—1
R, ()= uv,. véin € Z
i=1
Trong d6 chi sé n+i duoc tinh theo mod n (phép chia cho n iy phan du).

Can dam bao céac gia tri twong quan chéo ¢ moi 1an dich twong dbi du nho dé
« X X s~ . Nt 5 9 A X A N e \ 1

nhiéu twong ho gitra hai nguoi st dung nho. S6 chuoi-m do dai n=2"-11a —e(n).
m

Tuy nhién mot s6 cip chudi-m cé twong quan chéo 16n vi thé ching khong phu
hop cho viée st dung trong cung mdt tip chudi CDMA. Mot ho cac chudi tudn
hoan c6 thé dam bao cac tap chudi co twong quan chéo tuin hoan tbt 1a cac chudi
Gold. C6 thé xac dinh mot tap n+2 cac chudi Gold d6 dai n=2 ™ — 1 tr mdt cap
chudi-m dugc ua chudng (chang han nhu x va y) ¢6 ham tuong quan chéo ba tri:

-1

Py, (n) =| —t(m) Vn
t(m)—2

m+2

Trong d6 t(m)=1 + 2[7} , ky hiéu [c] cho phan nguyén cua sé thuc c. Luu
y rang khi tinh toan cac gia tri twong quan, truéc hét phai chuyén d6i cac gié tri 0
va 1 thanh +1 va -1. Tap hop céc chudi Gold bao gdm cip chudi-m dugc ua

chudéng x va y, tong modulo-2 cia x vé6i dich vong cua y. Chang han tap hop
cac chudi Gold la:
S 6o = {z,&g@x,)_c@T"lz,g@T"zz, ..... ,E@T_(N"”y} (2.6)
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Trong d6 T7'y = V12 Vs Vs Vs Vo) 12 dich vong trai cla y. Dai lugng
twong quan cuc dai cho 2 chudi Gold bat ki trong cting mdt tap hop 1a khong doi.
Biét réng cip cac chudi-m uvu chudng khong tdn tai d6i voi m=4, 6, 12, 16, ... va
c6 thé phong doan rang khong c6 10i giai cho tat ca m=0.

Vi du: Chudi Gold ¢6 m=3

S6 chudi-m d6 dai n=2" — 1 =7 1a L p(n)=~7.(-1)=2
m 3 7
Nhu vy ¢6 2 chudi-m khac nhau bing cach dich vong véi do dai bang 7.

Hai da thirc nguyén thuy bac m=3 1a: x* + x>+ 1 va x> + x + | tao ra cac chudi-m
x=1001011 va y=1001110 v&i s6 nap ban dau la 001.

Ham tuong quan chéo ba tri cua cip chudi-m cé 3 gia tri 1a -1, -5, 3. Vay

x va y la cdp ua chudng cua chuodi-m. Ta c6 so do tao chuoi Gold m=3 nhu sau:

X;

>
chuoi Gold

y(D)

Hinh 2.8. B0 tao chudi Gold cho cap ua chudng
g(x)=x+x*+1vag,(x)=x"+x+1
Tap 9 chudi Gold c6 do dai 7 nhu sau:
1001011 1001110 0000101
1010110 1110001 0111111
0100010 0011000 1101100
Ty s6 1)

m
~2 ? ———0 theo ham mii. Do do6 cac chudi Gold dai hon s€
n

thuc hién cac chudi CDMA t6t hon.
Cac chudi Gold dugc tao ra dé dang thong qua md phong Matlab trong
phan phu luc. Két qua thu dugc nhu sau: Chudi Gold tao ra tir 2 da thirc sinh 1a:
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X +x+1 va xXorxHxOx+, gié tri nhap vao ban dau 1a 0001, do dai n=2"— 1 =31

nhu sau:

1000010010110011111000110111010
0000001110000100001100100101111
1001100001101100101001111101100
1111011111001110111100011100010
0100100101000111101010011011011
1011001101100010110010000111101
0101101111110111010011110100110
1111100110100001010100111001001
0111000011111001001000001110111
0101010110011000111011010001101
1100000000011111110110101100101
1001011000000011000001011000111
1100111001110000011110001001110
1010111110111101100011001101011
00101000100010100101T10IT111110
0011010001010101000110010101000
0100011100101000000010111110000

1000011100110111110100010010101
1000101011011100010000010010001
1011110100001101011010100010110
0110001001001001110001100001010
0001111101011011011101101111001
1110101100010001101101010110100
0011101000111010101110110000011
0111111010010110100000101011100
0110110000100110011001000100001
0010011011100101111111111010101
0000110111101011100100000000100
1010000111010010001011101000000
0001000100110100110101001010010
1101001010101111001111000011000
1101110011000000100111100110011
1110010101111110000101110011111

2.2.4 Cac chubi Kasami

Gia sir m 13 s6 nguyén chin va x 1a chudi-m ¢6 chu ki 2™ — 1. Cac chudi
KasmniduocthucIﬁénbéngcéchléyrnﬁuchuébnlg va thyc hién cong module-2
& chudi dich vong. Chudi 1dy miu ctua x theo m duogc ky hiéu 1a x[n]. Pé xay
dyng chudi Kasami, tru6c hét tim chudi 1dy mAu y=x[S(m)], trong do

m

S(m)=22 +1. Chudi ldy miu y clng la mot chudi-m tuan hoan nhung véi chu ki

2" -1
S(m)

bé hon

=2"2 —1. Tap nhd cua chudi Kasami duogc xac dinh béi:

2.7)

2™2 Ham tuong quan chéo cua hai chudi

Tong sé chudi trong tap nay la
Kasami nhan céc gia tri trong tap:

-1

o, =1—S(m) (2.8)
S(m)—-2
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Vi du chudi Kasami c¢6 m=4: Pa thac x*™+x’+1 tao ra chudi-m
x=100010011010111 khi nhap gid trj ban dau 1a 0001. Gia tri cua hing s
S(m)=5. Ldy miu x theo S(m) ta c¢6 y=x[5] = 101101101101101 bao gdm 5

chudi-m mdi chudi (101) c¢6 chu ky 2"* —1=3. 2"* =4 chudi Kasami c6 do dai
2™ — 1 =15 nhu sau:
100010011010111
001111110111010
111001000001100
010100101100001
Chuong trinh mé phong tao chudi Kasami cho két qua nhu sau va ma
ngué)n duoc thuc hién nhu trong phu luc.
Pa thtrc nguyén thuy 1a x*+x+1, gi4 tri nhap ban dau 1a 0001 cho ta chudi
Kasami ¢6 d0 dai 2™-1=15 nhu sau:
100011110101100
010101000011010
001110011000001
111000101110111

2.2.5 Cac ham truc giao

Cac ham tryc giao dugc su dung dé cai thién hiéu suit bang tan trong hé
théng trai pho. Trong hé thong thong tin di dong CDMA, mdi ngudi sir dung mot
phan tir trong tap cac ham truc giao. Him Walsh va chudi Hadamard tao nén mot
tap cac ham tryc giao dugc su dung trong CDMA.

Trong CDMA céc ham Walsh dwoc str dung theo hai cach 1a ma trai phd
hodc dé tao ra cac ky hiéu truc giao. Cac ham Walsh dugc tao ra béng cac ma tran
vuong dac biét dugc goi la cac ma tran Hadamard. Cic ma tran nay chira mot
hang toan sd “0” va cac hang con lai c6 sd sé “0” bang sb sé “1”. Him Walsh
dugc cdu trac cho do dai khéi N=2' trong d6 j 1a mot sb nguyén duong.

Céac td hop ma & cac hang ciia ma tran la cac ham truc giao dugc xac dinh

theo ma tran Hamadard nhu sau:

0 0
H1:0;H2:[ } ; Ha=

HN HN
; Hon = —
0 1 N { }

HN HN

oS O o O
—_ O = O
_—_ O O
S = = O

Trong d6 H v 1a ddo co so hai cua Hy
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Phu luc dua ra phin mé phéng thuc hién tao ra ham Walsh. Két qua dua ra
nhu sau:
S6 j duoc nhap 1a 3 dan dén do dai khéi 1a 8 nhu ¢ dudi day:

o 0 0 O o 0 0 O
o I o0 1 o 1 0 1
o 0 I 1 o0 0 1 1
o I I o0 o 1 1 O
o 0 0 o 1 1 1 1
o I o0 1 1 0 1 O
o o0 I 1 1 1 0 O
o I I o0 1 0 0 1

2.2.6 Cac hé thong DSSS-BPSK
2.2.6.1 M4y phat DSSS-BPSK
So @b khéi cia may phat DSSS str dung BPSK dugc cho ¢ hinh 2.9

________________________________________________________________________________________

Tin hiéu DSSS- BPSK
ban tin BPSK T S(t)= /2;:1’ b(t)e(t)cos(27f.t + 6)
b(t) ’® b(t)c(t) ’@ b

Tin hiéu PN c(t) Séng mang

2E, cos(27f .t +0)

Hinh 2.9.So 6 may phat DSSS-BPSK

G
14 sir ban tin la cac gid tri 1 va -1
b(t) =Y b,p; (t—KT) (2.9)

Trong d6 by=+11a bit s6 liéu thu k v6i +1 tuwong Gng véi bit “07va -1 Gng
v4i bit “17. pr 1a ham xung don vi.
B 0<t<T
P)= {0 ngoai ra (2.10)

Tin hiéu b(t) duoc trai phd bang tin hiéu PN c(t):
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()= Y e plt—KT,) 2.11)

bang cach nhan hai tin hiéu nay v&i nhau. Tin hiéu nhan dugc b(t)c(t) sau d6 s&
diéu ché cho séng mang sir dung BPSK cho ta tin hiéu DSSS-BPSK xéc dinh theo
cong thuc:

S(t)= /2]{5” b(t)c(t)cos( 2414 +0) (2.12)

Trong do:
Ey: Nang luong bit
Tp: D6 rdng bit
f,: Tan s6 song mang
¢: Pha song mang
Tin hiéu diéu ché c6 dang nhu hinh 2.10.

b(t)
| |
c(b)
] ] [ ]
L L] L] L
b(t)c(t)
1 I I []
N LI LT
S(t)

LATARTRVRTIR R

Hinh 2.10. Tin hiéu dién ché

Trong nhiéu Gng dung mot bit ban tin bang sé nguyén lan mot chu ki cia
tin hiéu PN, nghia 13 T,=NT,. Ta st dung gia thiét nay cho toan bo phan sau, &
hinh trén st dung N=7.
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2.2.6.2 May thu DSSS-BPSK
So d6 khdi cia may thu DSSS-BPSK cho nhu hinh 2.11.

b Beos(27f,(t—7)+ 6 |
| S(O=AD(t- 7 )e(t-T Jeos( 27, (= 7) + 0) COS/( . (t-1)+0) i
A / ’
Lo p| Khoi phuc I |
! \ séng mang : :
i \\\ v t;+T i
1 \ |
S >l [0t :
i r(t) i 1 hodc -1 i
i PO Bo tao tin S— i
| i |Dbong by |--p " ¢ |
! | o | 7| higu PN :
: P thlIl\lI@u €| o B0 twong quan !

___________________________________________________________________________________________

Hinh 2.11. So d6 may thu DSSS-BPSK

Muc dich ctia may thu 1a 13y ra ban tin b(t) tir tin hiéu thu duoc bao gém
tin hiéu duoc cong voi tap am. Pé don gian ta bé qua suy hao dudng truyén, tin
hiéu t&i may thu tré khoang thoi gian 7 :

S(t-7 )+n(t)=Ab(t- 7 )c(t- 7 )cos(27f.(t — 7) + & )+n(t) (2.13)

Trong d6 A= 25” :

b

n(t) 1a tap Am ctia kénh va dau vao may thu.
Pé nén phé tin hiéu thu duogc, tin hi€u dugc nhan véi tin hi¢u PN c(t-7)
déng bo duoc tao ra & may thu:

r(t) = Ab(t — 1)’ (t — 1) cosQaf.(t — 1) + ) = Ab(t — )’ (t — ) cos2af.t — 27f.c + 6)
= Ab(t—7)c’(t —7)cosaf,t + 0 ) = Ab(t —7)cosaf.t +8') (2.14)

vGi 0 = -2af.t+60. Do ¢*(t-1)=1
Tin hi¢u nhan dugc 1a tin hi¢u bang hep védi do rong bang tan gitra hai gia
tri “0” 1a 2/T, (=B). Dé giai diéu ché ta gia thiét ring may thu biét dugc pha 6
(va tan s f,) cling nhu diém khoi dau cua ting bit. Bo giai diéu ché BPSK bao
gdm mot bo twong quan (Correlator) va mot thiét bi danh gia ngudng. Dé tach ra

bit s6 liéu thir i, b twong quan tinh toan:
t+T
Z, = [r(t)Bcos(2af.t + 0"t

l;
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t;+T

= AB jb(z —1)cos’ (2.t + 6")dt

t;+T

jb(z —7)(1+ cos(4xf 1 +26"))dt (2.15)

/2Eb /2 2
; B=|—=— ; AB=—"\E
Tb Tb Tb ’

t, =iT, +7 1a thoi diém ban dau cua bit thi i.

_ 48
2

Trong do:

A

vi b(t—7) la £1 trong thoi gian mot bit do d6 thanh phén thir nhat cua tich phan
s& cho ta T va —T. Thanh phan tha hai 13 thanh phan nhan déi tan sb nén tich phan
gan bang khong. Vi vay Z, :i\/E_b, két qua nay qua thiét bi danh gia ngudng
(hodc bo so sanh) v6i ngudng 0, ta duge dau ra co sd hai 1 (logic “0”), -1 (logic
“1”). Ngoai thanh phén tin hiéu i\/E_b , ddu ra cia bo tich phan ciing c6 thanh
phén tap am c6 thé gay 15i.

Théng thudng may thu biét duoc tin sb song mang f, do vay no co thé suy
ra dugc cac tham sé 7, t;, 6. Tan sé song mang duogc tao ra bang cach sir dung
mot bo dao dong ndi. Néu c6 su khac biét nao do gitra tan sb cia bd dao dong ndi
va tdn sd song mang thi mot tan sd gan véi f, co thé duogc tao ra va c6 thé theo ddi
duoc tan sb chinh xac bang mot mach vong hdi tiép nhu vong khéa pha. Qua trinh
nhan duoc r goi la qua trinh d@)ng bo, thuong dugc thyc hién ¢ 2 budc: bat d@)ng
bd va bam dong bd. Qua trinh nhan duogc t; goi 1a qua trinh khéi phuc xung dong
hd (dinh thoi) ky hiéu (symbol timing). Qué trinh nhan duoc 6’ (ciing nhu f,) goi
13 qué trinh khéi phuc song mang. Viéc khoi phuc song mang va dong hd 1a can
thiét & moi may thu thong tin sb liéu dong bo.
2.2.6.3 Mat @9 pho cong suat (PSD)

Ban tin va tin hi¢u PN 1a cac tin hiéu co s6 2 ngiu nhién, mdi bit hay mdi
chip nhan cac gia tri +1 dong x4c xuat. Ban tin (v&i bién do +1) co tbe do bit
R=1/T (b/s) va PSD la:

S, (f)=T,sinc*(fT,) Do rong bang tan 1a 1/T, (Hz)
tin hiéu PN (bién do + 1) tdc d6 chip 1a 1/T, va PSD la:
S.(f)=T sinc*(/T,)
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gniep

Do rong biang tan 1a 1/T, (Hz) vi 1/T, 1 s6 nguyén va vi khoi ddu ctia mdi

bit b(t) tring v6i khoi dau cia chip c(t) nén tich c(t)b(t) c6 PSD nhu sau:
S, (/) =T sinc’ (/T,) (2.16)
C6 d6 rong bang tan 1a R, :% (Hz) gidng nhu d6 rong bang tan cua tin hicu
PN. Vi thé quad trinh trai pho s& ting do rong bang tan 1én N 1an, thong thudng gia
tri nay rat 16n. Diéu ché séng mang chuyén tin hiéu bang gbe b(t)c(t) vao tin hiu

bang thong S(t) c6 PSD la:

S =

PLSine (f fT, +sine* (f + L) 2.17)

2FE N
Thay 4= T < va chi xét PSD cho tan s6 duong ta dugc:

c

$.(N) =Esine(f = fT, =—-sinc*(f = £, (2.18)

Trong d6 P 1a cong suat, R=1/T 1a tbc do bit caa ban tin. PSD S(f) cho tin
hiéu trai pho va tin hiéu khong trai phd duoc chi ra & hinh 2.12. Tir hinh 2.12 ta
théy do trai phé, tin hiéu diéu ché BPSK c6 do rong bang tan tang N=T/T. lan so
v6i khong trai pho. Ngoai ra tin hiéu BPSK c6 trai pho cho PSD tai tan sb song
mang f, thiap hon khong trai pho 1a R/Ry=Ty/T, lan. Ty s6 N cho phép danh gia
hiéu qua cua trai phd nén duoc goi 1 hé sb trai pho.

Trong may thu tin hiéu s(t-7) 1a phién ban tré cua tin hiéu DS s(t). Nén
PSD ciia né ciing giéng nhu PSD cua tin hiéu s(t) vi tré khong 1am thay d6i phan
bd cong suit & vang tan sb. PSD cua c(r —r)ciing gidng PSD cua c(t). Sau khi trai

phd ta dugce tin hiéu r(t) véi PSD duogc xac dinh boi:
5,1 =sine’ (= £, (2.19)
b

Trong d6 P, 1a cong suét thu bang céng suit phat bi suy giam do dudng
truyén. S(f) & biéu thtc (2.19) c6 dang nhu hinh (2.12) chi khac 1a cong suit song
mang bay gio 14 cong suat thu P,. Ttr PSD cua cac tin hiéu khac nhau ta thiy ring

PSD ciia b(t) duoc trai phd boi c(t) sau d6 duoc nén pho boi c(r—7) 6 may thu
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Hinh 2.12 PSD cuia tin hiéu diéu ché

. a) Khong trai pho
AL b) € trai pho

2.2.6.4 Py lgi xit Iy G,

Do lo1 xr Iy G, dwoc dinh nghia la ty sb gitra do rong bang tdn cua tin
hiéu trai phd va do rong bang tin cua ban tin. Ta thudng biéu dién G, 6 dang dB.
Do 1oi xir Iy cho thay tin hiéu ban tin phat dugc trai phd bao nhiéu 1an boi hé
théng trai phd. Pay 1a mot thong sb chét lugng quan trong trong hé thong trai phd
vi G, cao thuong c6 nghia la kha nang chdng nhiéu tét hon.

DPéi véi hé théng DS/SS-BPSK, néu coi d6 rong bang tan cua tin hiéu SS
la R.=1/T, thi do loi xt Iy 1a T,/T.=N. Vi du c6 N=1023, d6 rong tin hiu trai phé
diéu ché BPSK ting 1023 1an so v&i tin hi¢u khong trdi phod va G, 1a 1023 hay
30.1dB.

2.2.7 Cic hé thong DSSS-QPSK
2.2.7.1 Piéu ché

Ngoai phuong phap BPSK, céc kiéu diéu ché khac nhu khoa dich pha cau
phuong (QPSK) va khoa chuyén cuc tiéu (Minimum Shift Keying) ciing thudng
dugc st dung trong h¢ théng SS.

So @6 khoi may phat caa hé thong DS/SS sir dung diéu ché QPSK duoc
cho nhu trén hinh 2.13. So @6 gdm hai nhanh mot nhanh déng pha va mot nhanh

vudng pha.
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b(t)e: ()

— Sit
p| bo dicu ché QPSK 0

b(t)

Acos(2rf .t + 0) L)

b(t)ey(t . A
o P »| b6 didu ché QPSK

Sy(t)

bo tao PN2

Hinh 2.13 M4y phét ctia hé théng DSSS-QPSK
Trong so do nay, cung madt dau vao sb liéu b(t), diéu ché bai cac tin hiéu
PN ¢ (t) va c,(t) ¢ ca hai nhanh. Tin hi¢u DSSS-QPSK c6 dang:
S(t) = —Ab(t)c, ()sin(27f.t + 0) + Ab(t)c, (t) cos(2af.t + 6)

=2 Acos2af.t + 0+ ¥(1)) (2.20)
N AN () ()
Trong d6 A—\/;m y(t)=tg (cz(t)b(t))

Nhu vay tin hiéu s(t) c6 thé nhan 4 trang thai pha khac nhau:

RY/4 Sz 7_7z

0+£,0+—,¢9+—,¢9+
4 4 4

2.2.7.2 Giai diéu ché

So d6 khdi ciia may thu nhu & trén hinh 2.14. Cac thanh phan dong pha va

vudng pha duoc nén phd doc 1ap v6i nhau bai tin hicu ¢ (t) va c(t).

ri(t) >® uy(t)

S(f _ Z') f u(t) 4+T,

c(t-7)  —Bsin(Q2af,t+6" [t }%
1 hoac -1
r(t) >® uy(t) :

*

c,(t—7)  BcosQaf.t+60")

Hinh 2.14. So @6 may thu cta diéu ché tin hiéu DSSS-QPSK
Gia thiét thoi gian tré 13 1, bé qua tap 4m va suy hao dudng truyén, tin

hi¢u vao may thu s¢€ la:
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s(t—1) = —Ab(t — T)e,(t — 7)sinQaf.t + ') + Ab(t — T)c, (t — ) cosRaf.t +0')  (2.21)
vO1 0'=2-27f,¢t. Tin hi¢u trude b cong la:
u,(t) = ABb(t — t)sin> 2af .t + 0") — ABb(t — 7)c,(t — 7)sin(2af.t + 0') cos 22nf.t + 6')

= %ABb(r ) (1= cosQf.t + 20')) —~ ABb(t — )e, (t = )e, (- T)sin(Anf £ +20') (2.22)

2

E
Trong d6 4= |2 va B= i
Tb Tb

u, ()=
— ABb(t —7)c,(t —7)c,(t —7)sin(27f .t + ") cosLaf .t + ") + ABb(t — ) cos 2(2xf .t + ')

= %ABb(t —7)(1+ cos(4nf.t +20")) —%ABb(z —7)e,(t - 7)c, (t — T)sin(4nf.t +26") (2.23)

Tong cua cac tin hiéu trén duoc 13y tich phan trong khoang thoi gian mot

bit. Két qua cho ta Z, = +,/E, v6i dau cong néu bit ban tin twong ung bang +1 va
dau trir néu bit ban tin twong Gng bang -1 vi tat ca cac thanh phan tan sb 2f, c6 gia
tri trung binh bang khong. Vi thé dau ra cia bo so sanh 1a +1 (hay logic “0”) khi
ban tin 1a +1 va -1 (hay logic “1”) néu bit ban tin 1a -1.

Gia st T, 1a chu ky chip cua c(t) va c,(t), do rong bang tan cta céac tin
hiéu dugc diéu ché s(t) va sy(t) cia 2 nhanh s& nhu nhau va bang 2/k. s;(t) va
s,(t) 1a tryc giao va cung chiém do rong bang tan vi vay do rong bang tan cia s(t)
cling gidng nhu cua s;(t) va s,(t) va bang 2/k. Ddi véi tée d6 sb lidu bang 1/Ty, dd
loi xur 1y la G,=Ty/T..

2.2.8 Hiéu ning ciia hé thong DSSS

Phan nay dé& cap dén hiéu ning cua hé thong DS/SS-BPSK trong moi
trudng tap 4m Gauss tring cong (AWGN) va nhidu. Pong thoi khao sat nhidu
nhiéu nguoi st dung giy ra do cac tin hiéu DS khac va nhidu ty gay ra do truyén

nhiéu tia.
2.2.8.1 Anh hwéng ciia tap Am tring va nhiéu giy nghén

Gia sir dong bd ma va song mang tot. Ty sé gitra cOng sudt tin hi¢u va

cong suat nhidu pha ¢ dau ra cua may thu: SRN, trudéc bd tao ngudng la:

S, =+\E, .
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Hiéu nang hoat dong cua hé thé)ng duoc danh gia bﬁng xac suét 181 bit.
Xac sudt 16i bit thuong dugc ky hiéu dudi dang: E,/N,. Trong d6 E, 1a Ning
lugng tin hiéu trén mdt bit, N, /2 1a PSD 2 bién cta tap am Gauss trong kénh.

Xac suét 161 bit cia mot tin hiéu DS/SS — BPSK & kénh tap am Gauss
trang cong 1a:

P, = O(250R,) (2.24)
o) = J.\/;— e 2dx
N2
2
vk, = ATI2_E,
NO NO

VOl A= 1/2% , Ep 12 nang lugng bit, T 1a 40 rong bit, Ny 12 mat do phé cong

suit tap Am Gauss tring cong tinh.
Ty s6 tin hiéu trén tap Am dau vao SNR,va dau ra SNR, 1a:
S. E,R, E, 1

N NBTN G,

hay: [ij :ﬂ:Gp.(ij
N), N, N,

Xeét anh hudng cua nhieu pha. Gia st ¢6 tin hiéu pha bang rong (véi tan so

(2.25)

trung tdm f,) trong kénh. Gia st tin hiéu pha nay la:
j(t) = I(t)cos( 271, +y) (2.26)
j(t) 1a tin hiéu thong thap va y 1a mot bién déng déu ¢ (0,2 7) doc 1ap véi
J(t). Néu ta két hop ca tap 4m nhiéu Gauss tring cong véi tin hiéu nhidu pha va
gia thiét rang chung doc 1ap nhau thi SNR cua hé thong DS/SS-BPSK la:

2
. E
svp=_AT12 B (2.27)
Ny+PT. N,+PT.

P, : Cong suit trung binh cta nhiéu pha.

Ta thiy ring nhifu pha anh huong giéng nhu tap Am tring c6 PSD hai
biénla P,.T /2. Anh hudng két hop cua tap am tréng va nhiéu pha tuong duong
voi anh huong cua tap 4m trang c6 PSD hai bién 1a: N,=(N,+P .T )/2.

Nhu vay T, cang nho thi P cang it anh huong dén sy giam ty s tin/tap.

Khi T, di nhé dén mirc P,.T <<N thi nhiéu phd khong con tac dung.
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Bay gio gia sur rang ta c6 tin hiéu nhidu pha bang rong, nghia 1a do rong
bang tan cta tin hiéu nhiéu pha 16n hon cua tin hi¢u DS (B ;>B ) thi tin hi¢u
nhiu gidng nhu tap 4m tring cé tap Am hai bién PSD P./2B;. B, la d6 rong
bang tan cua j(t). Luc nay:

2
svpo_AT/2 (2.28)
N,+P /B,

Khi N 16n, do rong bang tan cua tin hiéu DS: B s 16n do d6 B, 16n, anh
huong cia nhidu pha nhd nén cong sudt trung binh P ; phai lon dé nhidu pha
khong con tac dung.

Két luan: Ta thay ring trai pho khong c6 hiéu qua vé tap am tring Gauss
nhung 1am giam dang ké anh huong cua nhiéu pha.
2.2.8.2 Anh huéng ciia nhiéu va truyén da tia

* Nhiéu

X¢ét tinh trang tin hi¢u thu chtra nhiéu tr mot tin hiéu DS khac. Trong
treong hop nay tin hiéu thu sé€ la:

r(t) = Ab(t)c(t)cosaf.t)+ A'b'(t —7)c'(t —7) cos(2af .t + 0') + n(t) (2.29)

Gia st b(t), b’(t), ¢’(t) bang +1. Tan sb mang gibng nhau cho ca b(t) va
b’(t), pha cua song mang la khac nhau thi hai tin hi¢u nay dugc phat doc lap véi
nhau. Sau khi nhéan tin hiéu v&i c(r)cos(27f.r) va 1ay tich phan dau vao cia bo tao

nguong la Sy+S’¢+ng

S, = A'BI b'(t—1")'(t—7")e(t)cos2af .t + 0") cos(27f t)dt (2.30)
= %cos(@') j b'(t—7")c' (¢ — 7")e(t)dt

A'

7' T
- ; '([c' (t—1")e(t)dt + % j (¢t —")e(t)dt

Dau “+” do b’(¢—7') ¢6 thé 1a +1 hodc -1. Tuong quan chéo nho gy
nhiéu it nén moi trudng da ngudi dung phai thiét ké cac tin hiéu PN sao cho
ching c6 tuong quan chéo nho.

* Truyén da tia
Trong truong hop truyén da tia tin hiéu thu gom thanh phan di thang va

cac thanh phén phan xa tr cac cong trinh nhan tao hay dia hinh ty nhién.
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Gia st chi c6 mot tin hiéu khong di thang. Str dung phuong trinh (2.30)
voi 7 1a thoi gian tré bo sung trén dudng truyén phan xa c¢’(t)=c(t), A’=kA, k<1

1a thira s suy giam. Nhidu do thanh phan khong di thang 1a:
T
S', = %cos(@'). [k b(t = 7)e(t = 7)e()dt
0
= k%cos(@')(pc (")

~0 Khi | 7' >T,

Anh cua truyén da tia dugc loai bo hay tré thanh mot nhiéu nho néu do

(2.31)

rong cua chip bé hon tré bd sung & duong khong di thang.

* Hiéu (mg gan xa

Hiéu ng gan xa 1a hiéu ng trong d6 mot hé thong nhiéu nguoi st dung
gap nguy hiém do su c6 mat ciia mot tin hiéu manh. Xét hé théng da truy cap
DS/SS, gia thiét rang c6 k ngudi st dung phat tin hiéu trén cung mot kénh. Tin
hiéu thu dugc bi nhiéu do tap 4m va cac tin hiéu ctia k-1 ngudi su dung khéc.

Gia sir No/2 12 PSD cua kénh tap 4m, P, 13 cong sudt trung binh cia ting
tin hi€u thi PSD tin hi¢u cta tung ngudi st dung la:

%[Sincz(f—fc)ﬂ +sine® (f + /)T, ] (2.32)

Bing cach 1ap mo hinh k-1 tin hiéu giy nhifu nhu 1a cic tap am tring
Gauss, c6 thé xap xi héa PSD két hop bang: (k-1)P,T./2. Do do:
E, _ PT,

SNR =—2 =
N', N, +aPT.+PT.(k-2)

(2.33)

Khi a 16n, SNR giam manh, xac xuét 13i tré nén qua 16n. Noi cach khac ta
¢ thé duy tri xac xuat 16i & mirc cho phép bang cach giam sb k-2 ngudi st dung
va s6 ngudi str dung nay co6 khi phai loai bo hoan toan khi a 16n.

Xéc xudt 16i c6 thé tinh toan thong qua chuong trinh mo phong Matlab c6

ma ngudn nhu trong phan phu luc va két qua thu duoc nhu sau:
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Diéu khién céng sudt trong hé thong CDMA

#s loi khi co nhieu hinh sin thu 1

1
— = — %5 loi khi ca nhieu hinh sin thu 2
#  ¥s loi khi co nhieu hinh sin thu 3
------- *g loi khi ko co nhieu song hinh sin
ooy
e . ‘*’
~ -
o * 3
\\ *
B
AN
\ * |
s .
L
i
y *
10'3 1 1 1 i
] 5 10 15 20 25

Hinh 2.15. X4c xuit 181 khi ¢6 nhiéu hinh sin

* Tinh chat khé thu trém
Xét tin hiéu DS cdng voi tap am:
Ab(£)c(t) cos(2af.t) + n(t)

PSD cua tin hiéu nay la:

%inﬁ(f—ﬂ)t

co gia tri cuc dai la P/R. va tap am Gauss tréng cong tinh ¢6 PSD béng No.

(2.34)

(2.35)

Trong cac hé thong thong tin di dong thudng doi hoi ty s 15i bit 1a 107
hodc 10°. Bé dat dugc didu nay phai cd6 SNR vao khoang 6.8dB dén 10.5dB (coi
diéu ché 1a BPSK) nghia 1a E,/N, =5 + 11. E, =PT}, 14 ning lugng/ mot bit cia tin

hiéu DS. Ta c6 thé viét:

PT 5 . 11
=— hoac —
N, G G

p p
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ngudn tin Lap M3 hoal Ma Ma Ghé Pid Trai Da
: ! ; . p icu rai
khuon| ngudn [ | hoa [~ hoa =Py, P cpé P pho Pty T
kénh cap
dau vao sb
Tinnhan | 145 Giai Giai Giai Giai Giai Da
<4—{khuon (@ mi e G191 |gd ma |e] ghép g di€u € trai € truy Ry
T ngudn ma kénh kénh T ché pho cdp
. . dén cac
dau ra so Céc bit kénh noi nhan
khéc

Hinh 2.16: So db khéi tong quat cta thiét bj vo tuyén sé & hé thdng thong tin sd
Nghia 1a chidu cao ctia phd tin hiéu 1a 5/G, hodc 11/G, chiéu cao ciia phd
tap am. Vi G, 16n nén cac thurra s6 nay bé hon 1 rat nhiéu. Do d6 chiéu cao phd tin
hiéu DS thép hon tap am, tin hiéu DS bi che la?ip bdi tap am nén rat kho phat hién
va thu trom.

2.3 Cic ky thuit xir Iy s6 va truyén din & hé thong thong tin di déng thé
hé ba

2.3.1 So d6 khoi ciia mot thiét bi thu phat vo tuyén so6 [20]
2.3.1.1 So' @b khoi chung

So d6 khdi cua thiét bi thu phat vo tuyén sd duoc chi ra nhu hinh 2.16.
Khdi dudi cho thady qua trinh bién doi tin hiéu tir may phat sang noi nhan. May
phat thudng gém tang bién doi nang tan, khuyéch dai céng suit va anten. May thu
gém anten, bd khuyéch dai tap am nho, bo bién dbi ha tan va khuyéch dai trung
tan.
Trong cac bude xir 1y tin hiéu thi budc 1ap khudn, diéu ché, giai dicu ché
1a bt budc.
- Lap khudn thuc hién bién ddi nguén tin thanh céc tin hiéu sb dé nguén tin
tuwong thich véi qua trinh x{r Iy & hé thong.
- Diéu ché thyc hién bién doi cac ky hiéu niy thanh cac dang song thich hop
v6i kénh luu thong din vo tuyén.
- M4 héa ngudn thuc hién bién doi twong tu sang sé (d6i véi cac ngudn
tuong ty) va loai bo thong tin thira khong can thiét.
- Ma hoéa dé ngian khong cho ké la pha hoai thong tin.
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- M4 hoa kénh dé giam xac suat 16i va giam yéu cau ddi vai ty sd tin/tap.

- Trai phé dé tao ra tin hiéu it bi anh huong cua nhiéu, déng thoi tang d6 bao mat
tin hiéu.

- Ghép kénh va da truy cap cho cho phép két hop s& cung cdp kha ning chia sé
tai nguyén vo tuyén.
Trat ty cua cac khdi trong hinh 2.16 ¢ thé dugc thay dbi tuy theo hé thong

truyén dan cuy thé
2.3.1.2 So d0 khoi clia may thu/phat

So db hinh 2.17 cho ta thiy so d6 khdi ctia mdy phéat va may thu vo tuyén
trong W-CDMA. Lép vat 1y bo sung CRC cho ting khdi truyén tai 1a don vi sb
liéu gbc can xur 1y. Sau d6 sb liu duoc ma hoéa kénh va dan xen. S6 liéu sau dan
xen duge bd sung thém cic bit hoa tiéu va céc bit diéu khién cong sudt phat
(TCP). S6 liéu dugc sip xép trén nhanh I va Q cua QPSK, duogc trai phd va ngiu
nhién héa. Chudi chip sau khi ngau nhién héa dugc giéi han trong bing tain 5SMHz
bang bo loc Nyquist cosin nang cin bac hai va duoc bién ddi thanh twong tu bang
bién d6i D/A dé dua 1én diéu ché vudng goc cho séong mang. Tin hiéu trung tin
sau diéu ché duoc bién doi nang tan vao song vo tuyén (RF) trong bing tan 2GHz,
sau d6 duoc khuyéch dai trude khi chuyén dén anten phat dé vao khéng gian. Tai
may thu, tin hiéu thu duoc khuyéch dai bang bd khuyéch dai tap 4m nho, sau d6
duoc dua vao tang trung tan, roi lai duoc khuyéch dai tuyén tinh boi bo khuyéch
dai AGC (diéu khién d6 khuyéch dai tu dong) tin hiéu duoc giai diéu ché dé duogc
cac thanh phan I va Q. Cac tin hiéu tuwong tu cua cac thanh phan nay duogc bién doi
thanh sd tai bo bién ddi A/D. Sau d6 tin hiéu qua bd loc Nyquist cosin nang cin bac
hai va dugc phan chia thoi gian vao mot sé thanh phan duong truyén co thoi gian tré
truyén song khac nhau. Sau khi giai trai phd, ching duoc két hop boi bo két hop may
thu RAKE, tin hiéu téng hop dugc giai dan xen, gidi ma kénh, phan kénh thanh cac

khéi truyén tai va duoc phat hién 16i. Cudi cing chiing dugc dwa dén 16p cao hon.
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gniep

a)Mdy phat: Kénh luu thong tai B
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xen kénh mi phuc
Phat
E—Y hién’l(:)i
khoi

Kénh luu thong tai A

Hinh 2.17. So @ khdi may thu, phat vo tuyén
2.3.2 May thu RAKE
Chudi tin hiéu gia ngiu nhién dugc phat di & CDMA c6 dic diém la cac
phién ban dich thoi gian ctia n6 hau nhu khong twong quan.
Nhu vay mét tin hiéu dugc truyén tir mdy phat sang may thu theo nhiéu dudng

khéc nhau dan dén c6 thoi gian tré khac nhau nén s€ gay nén cac tin hi¢u fading khac
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nhau. May thu RAKE (hinh 2.18) thuc hién 1y twong quan cac tin hiéu thu dugc. Cac

tin hi¢u nay la cac phién ban dich thoi gian cua chudi gid ngau nhién.

Cho duong truyén L
Cho duong tmyén 1
H» Bo tuong > g > Bo gidi
quan dan xen
yy B loc danh gia ¢
kénh dgfic k:y higuj | Tin hiéu
hoa tiéu ho trg | B¢ giai duoc
ma kénh P khoi phuc

B0 tao ban sao
ma trai pho

Hinh 2.18: Ciu tric may thu RAKE

O may thu RAKE dé nhan dugc cac phién ban dich thoi cua chudi ngiu
nhién, tin hiéu phai di qua duong tré trudc khi duge 1ay tuong quan va duoc két
hop. Puong tré bao gdm nhiéu mat tré c6 thoi gian tré bang thoi gian mot chip T..
May thu dich dinh thdi ban sao ma trai pho timg chip cho ting ky hiéu thong tin
dé giai trai pho ky hiéu trong cing mot ky hiéu va tao nén 1y lich tré cong suat.
Dua trén céc 1y lich tré ndy, mdy thu chon cac duong truyén dé két hop RAKE
theo thw tuy giam dan coéng suit thu dudng truyén trén co s sb luong bd twong
quan, bd udc tinh kénh va bo bu trir bién doi pha (goi 13 cac ngén méy thu
RAKE).

Trong thuc té, vi cac tin hiéu trai phd c6 ca nhiéu cia ngudi sir dung khac
va cac tin hi¢u da duong ctia kénh nguoi sit dung nén gia tri ngudong dugc lap dua
trén co s cong suét tap am nén va céc duong truyén c6 SIR hiéu dung dugc chon.
Vi MS chuyén dong (hodc méi truong truyén song thay doi khi MS ¢ dinh) nén
vi tri duong truyén (thoi gian tr) duoc két hop RAKE ciing s& thudng xuyén thay
d6i. May phai dinh ky cap nhat 1y lich tré dudng truyén trén co sé 1y lich méi
(qua trinh nay duoc goi 1a tim kiém dudng truyén vi nd lién quan dén tim kiém
duong truyén dé két hop RAKE). Vi cac dudng truyén tach biét duoc thu tir cac
dudng truyén song doc 1ap, nén chung bi thiang giang fading khac nhau. Hinh 2.19
cho ta thdy cdu hinh cia mot may thu RAKE thong tin di dong 3G s dung tach
song két hop ca duong 18n va dudng xubng. Tach song két hop doi hoi udce tinh sy
thay dbi pha va bién cuia tin hiéu thu do fading trong mdi dudng truyén.

DPé dam bao theo di su thing giang kénh dién ra nhanh chong thong tin di

dong dong 3G thyc hién danh gid kénh theo cac ky hi¢u hoa tiéu.
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Ky hiéu hoa tiéu nay Déu ra bg
. ; A tuong quan
cho phép may thu biét dugc nguding chon

pha di€u ché cua so hiéu dudng truyén

, muc tap
phat, déi véi W-CDMA, ky R VK et
hi¢u nay dugc dat trén kénh [ | [\ [ \7777
0, va ky hiéu sé liéu dugc >
ghép 1én kénh 1. Cac ky hi¢u l l i l
nay duogc diéu ché bang song | B ket hop RAKE |
mang tryc giao. O dudng Hinh 2.19: Phuong phap chon duong truyén dé
xudng, nd duoc ghép thoi ket hop voi RAKE

gian chung véi ky hiéu s liéu trong kénh nay va duoc diéu ché QPSK.
2.3.3 Diéu khién cong suit

Diéu khién cong suit nhanh 13 dic tinh & cac hé thdng thong tin di dong
CDMA, nhét 1a ¢ dudng 18n. Thiéu diéu khién cong suit, mot MS phat céng suét
160 s& chan toan bd 6. Hinh 2.20 cho thdy van dé nay sinh va giai phap diéu khién

cong suat vong kin.

P1 |
Duy tri ca < >
mic cong Céc 1énh diéu khién
suat P1=P2 cong suét
dén cac MS

P2 MS1

MS2

Hinh 2.20. Piéu khién cong suat vong kin

Cac MS1 va MS2 lam viéc & cung mot tin sb nhung st dung cic ma trai
phd khac nhau & BS. MS1 ¢ xa BS hon so véi MS2. Vi vay suy hao dudng truyén
d6i voi MS1 s& cao hon MS2. Néu khong c6 céc bién phap diéu khién cong suat
dé hai MS tao ra mirc thu nhu nhau & BS thi MS2 ¢6 thé gdy nhiéu 1én cho MS1
va nhu vay co thé chin mot sb luong 16n 6 dan dén hién tuong gén xa 6 CDMA
lam giam dung lugng hé théng. Nhu vay dé dat duoc cong suit cuc dai can diéu
khién cong suit cua tit ca cac MS trong mot 6 sao cho mirc cong suit ma chung
tao ra & BS sé& bang nhau.
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gniep

CHUONG 3. PIEU KHIEN CONG SUAT TRONG
CDMA

3.1 Tai sao phai diéu khién cong suat

Trong hé thong thong tin di dong to ong CDMA, cac may di dong déu
phat chung mot tan sb cung luc nén ching gy nhiu dong kénh d6i voi nhau.
Chat luong truyén dan vo tuyén ddi voi ting ngudi st dung trong méi truong da
truy cap phu thudc vao ty sd Eu/No, trong do6 Ey la nang lugng bit con N 1a mat do
tap Am trang Gauss cong bao gdm ty tap 4m va tap a4m do tir mdy phat ctia ngudi
str dung khac gdy ra. Bé dam bao ty sé Ey/N, khong d6i va 1on hon ngudng yéu
cau can diéu khién cong sudt may phat cua ngudi st dung theo khoang cach cua
né véi tram goc. O trong cac hé théng FDMA va TDMA diéu khién cong suat
khong anh huong dén dung lugng nhung trong hé théng CDMA diéu khién cong
suat 1a bat budc va phai nhanh néu khong dung lugng hé théng s& giam. Dung
lugng hé th6ng CDMA dat gia tri cuc dai néu cong suit phat cua cac may di dong
duoc diéu khién sao cho cong sut thu dugc & tram géc 1a nhu nhau ddi véi tat ca
nguoi st dung.

Piéu khién cong suat dugc st dung cho dudng 1én dé tranh hién tuwong gan
xa va giam thiéu anh huéng cua nhiéu 1én hé thong. Dbi v6i duong xudng khong
can diéu khién cong suat ¢ hé théng don 6 vi nhiéu gy ra boi ngudi sir dung khac
luén & muc khong d6i ddi vai tin hiéu hitu ich. Tat ca céc tin hiu phat tir tram
gbc t6i may di dong déu duoc phat chung cung luc vi thé khong xay ra su khac
biét ton hao truyén song nhu ¢ duong lén.

Ngoai viéc giam hién tugng gan xa, diéu khién cong suit con dugc su
dung dé 1am giam hién twgng che tbi va duy tri cong suat phat trén mot nguoi st
dung dé dam bao ty sb 151 bit & muc cho trude tdi thiéu chdp nhan dugc. Nhu vy
diéu khién cong suét con gop phan 1am ting tudi tho cua pin may di dong.

Trong hé thing CDMA sir dung hai phuong phap diéu khién cong suat d6
1a diéu khién cong suat vong hd (OPC) va diéu khién cong suat vong kin (CPC).

3.2 Piéu khién cong suat vong hé (OPC)

OPC hay con dugc goi 13 phuong phép tu diéu khién (AGC) & may di
dong. Trudc khi phat, may di dong giam sat tong cong suat thu dugc tir tram gdc.

Cong suét do duoc cho thay ton hao duong truyén d6i voi timg ngudi sir dung dé
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can clr vao d6 may di dong diéu chinh cong suit phat cia minh ty 1& nghich véi
tong cong sudt ma nod thu duge. Picu khién cong sudt vong hd co thé 1a khong
tuyén tinh. Muc dich 13 cho phép dap tng nhanh véi sy hiéu chinh am nhung dap
mg cham v&i sy hiéu chinh dwong. Néu cudng do tin hiéu thu dugc cao c6 nghia
12 may di dong rat gan tram gbc hoidc lwong suy hao duong din thap thi may di
dong diéu chinh cho céng suét phat giam xubng. Tdc d6 ting cong sut phat mdy
di dong thudng phai ndm trong tdc d6 diéu khién coéng suit mach vong khép kin
tr tram gbc. Bang cach nay cdc mdy di dong khong thé ting cong sudt phat qua
16n cho du c6 su suy giam dot ngdt chat luong thoai trén kénh huéng xudng. Nhu
vay trong phuong phap nay tram gbc khong tham gia vao qua trinh diéu khién
cong suat.

Nhuge diém cua phuong phap OPC 1a do diéu kién truyén séng cua
duodng 18n va xubng khac nhau nhét 13 do fading nhanh nén su danh gia s& thiéu
chinh x4c. Tan sb trung tim cua cac dudng 1én va xudng thudng nim & cac bing
tan khac nhau nén s& khong co su ddi xtng giira hai dudng vi thé ton hao dudng
truyén gira hai duong 1a khac nhau. Vi du & hé théng 1S-95 hai tan sb trung tim
cach nhau 45MHz, ton hao dudng truyén & hai dudng cé thé khac nhau dén vai
dB. O hé théng CDMA trudce ddy nguoi ta st dung phuong phéap nay két hop véi
diéu khién cong suat vong kin, con ¢ hé thong W-CDMA phuong phap nay chi

duoc st dung dé thiét 1ap cong suit gan dang khi truy cdp mang 1an dau tién.
3.3 Piéu khién cong suat vong kin

C6 thé dat duoc diéu khién cong suét trung binh thoi gian dai hidu qua
hon bang so d6 diéu khién cong suat vong kin nhu hinh 3.1. Phuong phéap nay doi
hoi tram gbc phai thuong xuyén lién hé véi may di dong dé c6 thé thay ddi cong
sudt mot cach thich ung. BS (hoiac MS) thuong xuyén udc tinh ty sé tin hiéu trén
nhiéu thu duoc (SIR) va so sanh nod véi ty sb nguong SIRgjch. Néu SIR4e tinn €20
hon SIRgih thi BS (hodc MS) thiét 1ap bit diéu khién cong sut dé 1énh cho MS
(hodc BS) ha thdp cong suat, nguoc lai thi MS (hodc BS) ting cong suat. Chu ky
do 1énh phan @ng nay duoc thyc hién 1500 lan/gidy (1,5 KHz) & W-CDMA va
8000 lan/gidy (8 KHz) & CDMA 2000. Tdc do nay s& cao hon moi thay d6i ton
hao dudng truyén va tham chi cé thé nhanh hon fading nhanh khi MS chuyén
dong téc do thap. Ky thuat diéu khién cong suat vong kin nhu vay duoc goi la
vong trong, ciing duoc st dung cho dudng xudéng mic du & day khong cod hién

tuong gan xa vi tat ca cac tin hi€u dén MS trong cung mdt 6 déu bat dau tir mot
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BS. Tuy nhién, ta van tién hanh diéu khién cong suat ¢ day vi: khi MS tién dan
dén bién gi6i 6, nd bat dau chiu anh huong ngdy cang ting cia nhidu tir cac 6
khac. Piéu khién cong suat duong xubng trong trudng hop nay dé tao mot luong
du trit cong sudt cho cac MS trong truong hop néi trén. Ngoai ra diéu khién cong
sudt duong xudng cho phép bao vé cac tin hiéu yéu do fading Rayleigh giy ra,
nhét 12 khi cac ma stra 16i 1am viéc khong hiéu qua. Piéu khién coéng suit vong
ngoai thuc hién danh gia dai han chit luong dudng truyén trén co sd ty 1& 16i
khung (FER) hoic ty 1¢ 16i bit (BER) dé quyét dinh SIRge, cho diéu khién cong
suit vong trong.

Tin hidy Vong ngoai
bang g(*)c. thu _
— Do chat lugng
t Th 1L IUG
> g‘;‘hgal T RaKE | | cong sudt dai han j
1 So sanh va Chat luong
Po SIR quyétdinh [€7] dich
Vong trong ¢
So sanh va SIR dich
L oL —
e -<J
—
Ghép bit diéu l
kl?le? cong Sl‘l‘?‘tt Tao bit didu
vao fuong pha khién cong suét <

Hinh 3.1: Phuong phap diéu khién cong sudt vong kin

Tuy nhién viéc loai bo fading dong nghia véi viée ting cong sudt phat vi
thé khi MS bj fading su, cong suat phat st dung 1on va nhidu gy ra cho cac 6
cling tang. Piéu khién cong suét vong ngoai thuc hi¢n diéu chinh gia tr1 SIR 4, O
BS (hoidc MS) cho phu hop vdi yéu cau cia timg dudng truyén vo tuyén dé dat
duoc chat luong cac duong d6 nhu nhau. Chat lugng cua cic dudng truyén vo
tuyén thuong duge danh gia bang ty so bit 16i hay ty s6 khung 18i. Muc dich cia
viéc diéu chinh SIRgi, nhu sau: Gia sir SIR yéu cau 1a FER=1% phu thudc vao tdc
do ctia MS va dic diém tuyén duong. Néu ta dit SIR g, cho truong hop x4u nhét
(cho tc cao nhat) thi s& lang phi dung luong cho cac két néi & toec do thap. Nhu
vdy tot nhat 1a dé SIRgyi, tha ndi xung quanh gia tri toi thiéu dap ang dugc yéu
cau chat lugng. Hinh 3.2 cho théy su thay doi ctia SIRy;.p, theo thoi gian. bé thuc
hién diéu khién cong suit vong ngoai, mdi khung sb liéu ctia nguoi str dung duge
gén chi thi chét lugong khung CRC. Viéc kiém tra chi thi chat luong nay s€ thong
bao cho RNC vé viéc giam chat luong va RNC sé Iénh cho BS tang SIRg;.,. Dat
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diéu khién vong ngoai & RNC vi chitrc ning nay thuc hién sau khi thuc hién két

]

hop céc tin hiéu ¢ chuyén giao mém.

Lénh diéu chinh SIR
S —— /
-« /
RNC Théng tin &
tin cay khung
Diéu khién cong suat
nhanh néu SIR < SIR
BS phat 1énh ting cong suat

Diéu khién cong suét vong
ngoai, taing SIR e,

MS khong
chuyén dong >

S

Hinh 3.2.Diéu khién cong suat vong trong va ngoai

Cac b0 giai diéu ché & mdi tram géc do ty 1€ tin hi¢u trén tap am cua cac
tin hiéu nhan duoc ciia mdi may di dong so sanh ty 1& nay véi ty 1& tin hiéu trén
tap am da chi dinh (thuong 13 0.1dB) va phat cac 1énh diéu khién téi may di dong
qua kénh huéng di. Ct phat 1.25 ms mot lan 1énh diéu khién dau ra c6 thé theo
ddi nhiéu Rayleigh trén kénh huéng vé. N6 rat quan trong dé giam thoi gian thuc
hién xur 1y x4c dinh cong suat phat va phat Iénh dé moi truong kénh khong bi thay
d6i nhiéu cho tdi khi bit diéu khién duwoc nhan ¢ may di dong va hoat dong diéu
khién duogc thuc hién thyc su.

Hé théng CDMA cung cip chitc ning diéu khién cong suat hai chiéu (tir
BS dén may di dong va nguoc lai) dé cung cdp mot hé théng c6 dung luong 16n,
chat luong dich vu cao va céac lgi ich khac. Bo thu CDMA cua BSC chuyén tin
hiéu CDMA thanh thong tin s6 bang hep, khi d6 tin hiéu cua cic may di dong
khac chi la tin hiéu tap am cua bang rong. Thu tuc thu hep bang dugc goi 1a dd loi
xtr ly nham nang cao ty sb tin hiéu/nhiéu tir gia tri Am dén mot mie du 16n dé cho
phép hoat dong véi 18i bit chdp nhan duoc.

BS cung cap viéc diéu khién cong suat tir BS téi may di dong nhod viée
quy dinh cong suat nay twong ung vdi cong suit do duoc tai may di dong. Muc
dich cua viéc diéu khién nay 1a lam giam cong suét phat cua may di dong khi rdi
hodc & vi tri twong ddi gan BS lam cho fading da duong thip va giam hiéu ung

béng ram hay lam giam nhiéu d6i véi cac BS khac.
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O duong xudng, may thu di dong thu nhidu tir cac 6 khac. Viéc diéu chinh
cong sudt 13 can thiét dé 1am giam mirc nhiéu ma cac may di dong gy ra. Ton tai hai
so d diéu khién cong suat dudong xudng:

- Theo khoang cach: Khi biét duogc vi tri cua céc may di dong ta co thé
giam thiéu coéng suit phat ctua cdc may nay bang cach phat di cac mirc cong suét
phu hop theo khodng cach. Phuong phap nay phu hop cho méi truong khong bi
che t6i va khi d6 suy hao cong suat chi phu thudc vao khoang cach. Cac may di
dong phai do khoang cach dén tram gbc, tram gdc phai phat tin hiéu hoa tiéu.

- Theo ty s6 C/I (Carrrier to Interferance): Muc dich 1a lam giam thiéu ty sb
C/I theo yéu ciu cia ngudi sir dung. Mudn vidy mdi may di dong phai phat thong
tin vé C/I dén tram gbc vi vdy tram gbc c6 thé quyét dinh nén ting hay giam cong
suat cia may di dong do.

Trong hé thdng té bao dai tan sir dung tir tram gbc téi may di dong khéc
v6i dai tan tir may di dong t&i tram gde. Su khac biét tan s6 nay cho phép st dung
dong thoi cac may phat va may thu & may di dong ma khong c6 hoi tiép hay nhiéu
ctia cac tin hiéu phat toi may thu. Su tach biét tin sb ndy ciing c6 tic dung lén
trong xu 1y diéu khién cong sut.

Trong thiét ké hé thdng ngudi ta mong mudn ting 18n téi da sd lugng
khach hang goi cung mot luc trong dai thong xac dinh, nghia 1a hé thong s& co
dung luong 16n. Dung lugng hé thong 1a téi da khi tin hiéu truyén cta may di
dong dugc thu bai BS ¢6 ty s6 S/I & mirc yéu cau tdi thiéu. Néu tin hiéu cua cac
may di dong ma BS thu duoc 1a qua yéu thi khong thé hy vong chat lugng thoai
tot vi ty 18 16i bit qué cao. Néu tin hiéu nhan duogc ¢ tram géc cao thi cai thién
duoc chat luong thoai nhung nhiéu d6i véi cac may di dong khac cung sir dung
mot kénh s€ tang 1én 1am cho chat luong cudc goi cua cac thué bao khac bi giam

néu dung luong toi da khong giam.
3.4 Mot vai phwong phap diéu khién cong suit cho mé hinh cu thé

O trén trinh bay nhitng 1y thuyét chung nhat vé diéu khién cong suat. Céc
phuong phép khéac ciing phai dya trén nhirng 1y thuyét nay. Tuy nhién tiy theo
ting trudng hop cu thé ngudi ta chi tién hanh diéu khién cong sut voi viée toi uu
mot s6 cac tham so c6 lgi cho tirng hé théng cu thé. Tir nhiing ¥ tudng trén, trong
thyc té da thyc hién rat nhiéu phuong phap c6 thé ké dén mot vai trudng hop nhu

Sau:
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Trong [5], dua ra phuwong phap diéu khién cong sudt khong tuyén tinh ¢
so dd nhu hinh 3.1 va thuat toan dugc thé hién bai phuong trinh:
P(n—1) = P(n)+d P[P +1+P(n)-A(n)] (3.1)
Trong d6 d 1a budc thich nghi, A(n) ton hao duong truyén va thanh phan
khong tuyén tinh v dugc dinh nghia nhu sau:

1 Néu x>0
lP(X)={ T (3.2)
-1 Cac gia tri khac
A I
P* + E —
—>O— | d 1 1 i >
- 1-2z"
z e

Hinh 3.3. So @6 khéi cuia thuat toan diéu khién cong suat dudng 1én/xudng

Mot vi du vé diéu khién cong suit khong tuyén tinh dwa ra & d6 1a phuong
phép diéu khién cong suét logic mo.

Trong cac hé thdéng truyén thong khong day, cac thuat toan diéu khién
duoc dé nghi dé 1am tdi thiéu cong suét ciia may phat. Nhung diéu nay lai yéu cau
cac phép do hoan hao it nhat 1a cac tham sé sau: Ty s6 tin hiéu trén nhidu cua may
di dong, nhiéu tai may thu va téc d6 16i bit. Tuy nhién nhitng yéu cau nay thudng
khé co thé dat dugc. Vi thé mot phuong phap diéu khién coéng suit cho cac hé
thdng vo tuyén t6 ong di dwgc dé xuat [16]. Trong do st dung cac két qua do
duoc. Thuét toan diéu khién dua ra 2 16p: Lép thu nhat cta thuét toan st dung cac
chudi kich thuéc bude ¢d dinh nhim dat duwoc ranh gi61 han ché thép hon hoac
cao hon cho sai s6 trung binh binh phuong (MSE), diéu nay 1am cho céc ranh giéi
dan téi khong. Lép thtr 2 dua vao phuong phap xap xi ngau nhién va sir dung cic
chudi kich thuéc budc thay doi theo thoi gian dan dén MSE dan téi khong. Cac
thudt toan nay yéu cau mdi ngudi dung chi can biét do loi kénh cua riéng.

Cac mang thong tin t6 ong khong day thé hé ba duoc thiét ké dé c6 thé
mang ca tiéng noi, dir liéu, hinh anh, ... Viéc truyén ting loai hay két hop chung
vao trong mdt hé théng s& dan dén tdc do bit va tdc do 161 bit khac nhau. Dung
luong CDMA bj gi6i han boi nhiéu tong cong tir tit ca cac may di dong. Vi vy
nhidu da truy cdp (MAI) 12 nhan t6 quan trong anh huong dén dung luong hé
théng va viéc giam MAI cho ta kha ning thiét ké hé thdng di dong t6 ong dung

luong cao. Thuat toan diéu khién cong suit phan bd [11] 1a mot giai phap cho van
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dé nay. So d6 diéu khién coéng suat phan bd duoc thuc hién ¢ mdi 6 bang viée str
dung cong suét phat hién tai ctia n6. Piéu khién cong suit phan bd don gian hon
va yéu cau it thong tin hon diéu khién cong suat tap trung do né chi yéu cau phép
do nhiéu & dudng mong mudn. Tuy nhién phuong phéap nay lai tiéu tén nhiéu thoi
gian hon dé dat dugc SIR tdi thiéu.

Trong [3] thuc hién phan tich 3 thuit toan diéu khién cong suit dudng
xudng dang ton tai hién nay bao gdm: Thuit toan phan bd cong suit dua vao
khoang cach (DBPA), thuit toan can bang phan bd (DB), phuong phap diéu khién
cong suit da budc duwa vao SIR (MSPC), diéu khién cong suit timg budc thich
nghi (ASPC), diéu khién coéng suit tirng budc thich nghi thay d6i (M-ASPC). Cac
phan tich cho thiy phuong phéap diéu khién céng suat DB thyc hién tot hon thuat
toan DBPA. Mit khac, thuit toan M-ASPC thuc hién tdt hon ca ASPC va MSPC
vé toc do cua viée giam xac xuit va su hoi tu.

Cac phuong phap truyén thdng dé giai quyét cac bai toan diéu khién da
ngudi dung trong cac hé thong CDMA khong phan cép tdt khi s6 ngudi ding ting
1én. Vi vay, kich c& va d6 phuc tap cta bai toan diéu khién thuong ting theo ham
mil voi sé nguoi dung. Pé khic phuc diéu nay trong [6] gi6i thiéu mot phuong
phéap xap xi gidi han dai tan cho cic bai toan lap trinh dong.

Sau day ta xét mot phuong phap diéu khién cong suat dung phwong phap

ngiu nhién lam téi thiéu phuong sai.
3.5 Phwong phap ngiu nhién 1am to6i thi¢u phwong sai [12]
3.5.1 Gi6i thiéu phwong phap

Diéu khién cong suit trong cic hé thdng CDMA 13 mot k¥ thuat hitu ich
nham cung cdp chit lwvgng dich vu (Q,S: Quality of Service) trong khi sir dung tai
nguyén mang mot cach hiéu qua. Hau hét viéc diéu khién cong suat da dugc thuc
hién trong hé théng CDMA chung t6 diéu khién cong suat 1a thiét yéu. Tuy nhién
do ban chét cua do loi lién két, cong sut nhan, nhiéu, SIR tit ca déu la qua trinh
ngiu nhién theo thoi gian. Vi thé can thiét phai c6 so dd diéu khién cong suét bién
thién.

Trong hé théng CDMA khong day, ty sb tin hiéu trén nhiéu (SIR) 1a mot
tham sé quan trong dé do chat luong kénh truyén. O mdy thu tram gdc, cic phép
do SIR duoc thuc hién sau khi t6 hgp & may thu loai RAKE. C4 ky hi¢u dir liéu va

ky hiéu hoa tiéu duoc st dung dé do cong suét tin hiéu thu tic thoi. Chi c6 ky

D6 Thi Thu — K46DB 56 Pai Hoc Cong Nghé - PHQGHN



Khéa ludn tét nghiép Diéu khién céng sudt trong hé thong CDMA

hiéu hoa tiéu dugc sir dung dé do cong suit nhidu sau d6 1ay trung binh nhd mach
loc thong thép bac mot.
Thong thuong coéng suat tin hiéu thu tic thoi gia st gdm nhidu tring.
Nhiéu trung binh cong coéng suit nhidu tir mach loc thong thap c6 thé xem nhu 1a
con sd cb dinh trong mot nhom diéu khién cong suat (PCG). Trén thyc té rat kho
co thé dat duoc su uéc luong SIR nhanh va chinh x4c trong thoi gian thuc. Co
mot vai cach tiép cin dang quan tdm cho van dé nay. Trong [13], bai toan uéc
luong SIR dugc nghién ctru dua vao phuong phap khong gian con tin hi¢u (signal
subspace method) st dung ma tran hiép phuong sai mau cua tin hiéu nhan. Tuy
nhién, van d& uéc luong SIR khong duoc dé cap dén trong khoa luan nay. So d6
diéu khién cong suit ngau nhién d3 dé xuét s& sir dung co ché phép do SIR trong
hé thong khong day thé hé ba (3G) va trinh bay bai toan diéu khién cong suét nhu
12 mot hé théng diéu khién bi diéu khién boi nhiéu tring.
3.5.2 Noi dung phwong phap va mjt s6 két qua mé phéng
Phan nay ta s& di sdu vao chi tiét bai toan diéu khién cong sut ngau nhién
nhu 14 bai toan diéu khién tdi vu toan phuwong tuyén tinh ngiu nhién, trong d6
nhiéu tring gy nén su thay d6i theo thoi gian cta hé thong.
Phép do ngiu nhién SIR cua ngudi dung thtr i tai thoi diém k & tram gbc
6 thé dugc mo ta nhu sau:
v,(k) = 7,(k) + @,(k) (3.3)
y,(k) 1a gia tr1 SIR do duoc.
7,(k) la gia tr1 SIR thyec.
w,(k) biéu dién qud trinh ngiu nhién khong twong quan cé gia
tri trung binh khong
Su thay ddi cong suit phat cia may di dong ty 1& véi sai s6 SIR nén cong
suat bay gio 1a:
p(k+1)= p, (k) + o, (k) (7, = (k) (3.4)
Trong d6 «, (k) 1a d6 lgi diéu khién, sir dung (3.3) va (3.4) ta c6:
pi(k+1)= p,(k) + a,(k).y," = e, (k).y, (k) — @, (k).0, (k)
=p,(k)+a,(k)e (k) —a,(k).o. (k) (3.5)
Véi e (k)=y"(k)—y.(k). Pinh nghia sy thay d6i kénh truyén 1a & (k) thi
7,(k) = 8,(k) p.(k) va sai s6 SIR la:
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e(k+) =y =y, (k+1)=y"" =6,(k+ D) p,(k +1)
=7 =6,(k+ 1) p,(k) = 6,(k + e, (k)e, (k) + 5,(k + Ve, (k)w, (k) (3.6)
Két hop phuong trinh (3.5) va (3.6) ta duoc hé théng dong luc hoc bac hai

cho cong suit phat ciia may di dong va sai s6 SIR:

pltrbl N N Rl Y B L P L R
e (k1) | 7|8k ~5k+Da )] Le® | |8 k+Da®)] Ty |

bat
A, (k) { %) } (3.8)
—0;(k+1) —06,(k+Da;(k)
[ -a®
G [fi(k +1a, (k)} 62
0
1—‘1:|: tar:| (310)
Vi
Dinh nghia vecto trang thai
[p0
x,-(k)—Li(k)} (3.11)
Phuong trinh (3.7) tré thanh don gian:
x,(k+1)=A,;(k)x; (k) + G (k)ow,(k)+T; (3.12)

w.(k)  nhiéu trang  voi E{w,(k)}=0 va hi¢p phuong sai
E{w.(k)o.(n)} = WA(k-n) véi W 12 mat d6 phd cong suit ciia @, A(k-n) 1a ham
delta Kronecker dugc dinh nghia boi:
k=n

3.13
cac gia tri k khéc ( )

A(k—n)—{1
1o

Goi trung binh cua x,(k) 1a x:(k)voi gia tri khoi tao 13 [ p,(0) e(0)]". Ta

c6 thé thiy rang gi tri trung binh nay thoa man:
— k _ k-1 1
E{x, (0} =xi(k) = [[ 4% 0+ 2 [ [ 4k - )T, +T, (3.14)
Jj=1 =1 j=1
Ma tran phuong sai ciia x,(k) 1a Q.(k) =Var{x,(k)} 12 ma tran 2x2. Su bién
d6i cua hé thong tuyén tinh (3.12) do nhiéu tring théa man phwong trinh sai phan
Lypunov [13] v&i gia sir rang trang thai va nhiu 1a doc 1ap nhau.

Q,(k+1) = 4,(k)Q, (k) 4," (k) + G,(k)WG," (k) (3.15)
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Cht y rang O.(k)=0,(k)>0 (do ma tran d6i xing voi moi k). Ta c6 thé

viét ma tran Q duéi dang:

T Qll le Qll le
= = = 3.16
Q Q {QZI Q22:| |:Q12 Q22:| ( )
Tt phuong trinh (3.8), (3.9), (3.10), (3.16) thi:
0, (k+1) = 0,,(k) +2a,(k)Q,, (k) + ;" (k) Oy, (k) + a1, (k)W (3.17)

Op, (k +1) = =6, (k +1)(Q,, (k) + 22, (k) 0, (k) + &, (k) 0y (k) + @” (k)W) (3.18)

Oy (k+1) =6, (k +1)(Q;, (k) +2¢,(k)Q,, (k) + & (k)0 (k) + & ()W) (3.19)

Tt cac phuong trinh & trén, ta c6 thé thiy rang véi tit ca ngudi st dung i thi:

0, (k)y=-0.(k)Q,,(k) , Vk (3.20)

0,,(k) =6 ()0, (k) , Vk (3.21)
Pinh nghia tiéu chuan chat lugng nhu 13 tong phuong sai cong suat phat

ctia may di dong va phuong sai ctia 16i SIR.

J =Var(p,(k +1)) + Var(e,(k +1)) (3.22)
Bai toan diéu khién coéng suat ngau nhién toi vu 1 lam t4i thiéu J cho moi

nguoi dung i tai thoi diém k bang viéc chon dd loi diéu khién «,(k) thich hop.

min(Var(p,(k + 1))+ Var(e,(k +1))) (3.23)

Vi cac diéu khién ban dau cho trude:
E{x,(0)} =x:(0)=[p,(0) e(0)]' (3.24)
Va: Var{x,(0)} = 0.(0) (3.25)

Thi: min(Var(p,(k +1)) +Var(e,(k +1)))
< min(Q, (k +1)) + s, (k +1))
< min((1+6, (k + D)0, (k) + 2a,(k)0,, (k) + &, (k) 0y, (k) + 2" (k)W)
< min(Q,, (k) —2a,(k)5,(k)Q,, (k) +a,” ()5, (k) 0y, (k) + ;" (k)W)
< min((1 -, (k)5,(k))* 0, (k) + ;" (k)W)

o A=a,(05,(K)* 0 (k) +a W) _ (3.26)
20
& =2(1-,(K)8,(6)5,()0; () + &, (k)W =0

P a.Op[(k)z Qllé‘z(k)
’ W +357(k)0, (k)
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Trong md phong thyc té, kho co thé do dugc hay tinh toan dugc phuong
sai ctia cong suét phat (Qi(k)) do d6 khé tinh dugc do loi toi uwu o, (k). Tuy

nhién do cong suat ciia nhiéu do dugc, SIR thudng nhé hon rat nhiéu cong suat tin

a” (k)= ﬁ (3.27)

Luc ndy ma tran A tr¢ thanh:

(3.28)

A0pt k)= 1 1/5l(k)
(k)= —o,(k+1) =06, (k+1)/5,(k)

Pé khao sat sy 6n dinh cua hé thong roi rac thay doi theo thoi gian, ta st
dung 1y thuyét 6n dinh Lyapunov cho hé thong thay doi theo thoi gian:

Dinh 1y: Ma tran hé théng dudi diéu khién t6i wu A;°"'(k) théa man véi
moi k.

Chirng minh dinh 1y trén c6 thé tim thay trong [12]. Chiing ta hay khao sat
tinh chét cua cac bién trang thai dudi do lgi diéu khién t6i wu o (k). Thay Ai(j)
va Aik-j) boi A(G) va A'(k-j) vao phuong trinh (3.14) véi cha ¥ rang
A (GHA'(5-1)=0, Vj>1. Ta co:

E{x,"(k)}=4" (k—=DI, +T,
tar T
:[@(y/;—l) T G2
Ta thdy, khi kénh thay d6i cham cu thé 1a &S.(k)=8(k-1) va

E{7."(k)} ~ 7, thi phuong sai cong suit phat va sai sé SIR dudi diéu khién téi uu

la:
W+’
Var{p," (k)} 57 (k—1)
N = i s (3.30)
Var{ei P (k)} 52(]() W+ (7/1 )
L (k=)
Céc gia tri ti thiéu cua tiéu chuan chét lugng 1a:
ST (k)= (146, (k+1)Q,”" (k+1) (3.31)
Trong do:
0, (k+1)=(W+(8)*)/ 8] (k) (3.32)
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W la mat do phé cong sut.
7 1a ty sb tin trén tap.
So d6 diéu khién cong suét noi trén duge mo ta nhu trong hinh 3.4.
Khi nhiu phép do SIR 1a nhidu Gauss, so dd diéu khién coéng suat ngiu

(k) 1a t6i wu do cac bién trang thai, sai sé SIR va cong

nhién ¢ trén vo1 do 1ol «,
sut phat cia may di dong cling c6 phan bd Gauss. Vi vay su 6n dinh hoan toan
duoc xac dinh boi cac gia tri trung binh va phuong sai cta chiing. Chu y rang 16i
ra cta hé théng tuyén tinh duoc diéu chinh boi nhiu Gauss triang ciing 14 mot qua

trinh nhiéu Gauss trang ngau nhién.

Si(k)

5,(k)

Hinh 3.4. Hé théng diéu khién cong suit ngdu nhién téi uu

Khi cac phép do SIR gédm nhiu Gauss trang, do loi diéu khién téi vu bang
nghich dao cua sy thay dbi kénh truyén. Gia st rang tong cua sé luong 16n nhidu
13 hé sb lién quan dén nhau trong khoang mot khe thoi gian (0.625 ms).

Chat luong cta so do diéu khién cong suat ngau nhién tbi thiéu phuong
sai duoc kiém tra thong qua md phong. Hé thong CDMA c6 7 6 t6 ong va 16
ngudi dung/l 6. Tan s hoat dong 1a 1.9 GHz, biang tin mdi kénh gia sir 1a
1.23MHz. Téc @6 dir liéu duge dat 1a 9600 b/s, do loi xir Iy G, dat 1a 128 (21dB),
SIR muc tiéu dat ra 1a 7dB twong tng véi téc d6 15i bit (BER) bé hon 107. Trong
phan mo phong dua thém mot sb gia thiét nhu:

1. Cong suét phat t6i da va téi thiéu c6 thé dugc phat boi may di dong 1a
Pin=8dBm (6.3 mW), P..,,=33dBW (2W).

2. Cong suit phat dugc cap nhat dinh ky mdi 0.625 ms twong Gng voi tan sb
diéu khién cong suat vong kin nhanh 1600 Hz.

3. Vi tri cac mdy di dong gia st 1a phan bd giéng nhau trong mot 6.

4. Gia su rﬁng do loi lién két duoc cho dudi dang:
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h.(k)y=d, ~(k).4,(k) (3.33)

ni ni

Trong do:
d (k)13 khoang cach tir may thtr i téi tram co so thir n ¢ thoi diém k.

A . 13 qua trinh ngiu nhién phan b6 log-normal.
5. Gia sir rang duong kinh 6 14 2 km, d (k) 1a bién ngiu nhién phan b6 déu.
6. Gia str 6 léch chuan 4,1a 8 dB.

M3 ngudn mé phong duoc dua ra trong phan phu luc. SIR trung binh duoc
v€ nhu hinh 3.5 va duogc tinh todn theo cong thirc:

_ L&,
V(k)—ﬁ;% (3.34)

N 1a tong s6 nguoi dung trong 6.

7.04

F02r .

-
1

6.95 -

| | fw |

6.858 - -

SIR trung binh cua tat ca nguoi dung

o
[fe]
1

Il 1 1 1 1 1 1 1 1 1
0 20 40 0 a0 00 1200 1400 160 180
t {voi cac buoc 0.625ms)

Hinh 3.5.SIR trung binh cta tit ca nguoi dung
Ta théy réng cac SIR hoi tu dén SIR muc tiéu nhu mong doi. Cong suit
phat cta 3 ngudi dung duoc v& nhu hinh 3.6. Chung hoi tu dén gia tri tat yéu yéu

cau.
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3
25}

g ]
o) '
= .
=) i
- 4
T oqap i
- .
£ e
= !
S 1F e — - — - Myuoi dung 1 7
= 3 o s Miguai dung 2
- — Mguai dung 3
= 05} g e .
=) -
)

D -

_DS | | | 1 | | | 1 1
0 20 40 60 80 o0 120 1400 160 180 200

t {voi cac buoc 0.625ms)
Hinh 3.6.Cong suét phat ctia nguoi ding
3.5.3 Mé rong két qua va phan tich

Trong khi thuc hién cac hé thdng thuc té, dé thuc hién so do diéu khién
cong suit ngu nhién thi viéc udc luong su thay ddi kénh truyén 1a can thiét. Nhu
dd dé& cap o trén, cong suit nhidu cong tap 4m & mAay thu tram co sd c6 thé do
duoc str dung cac ky hiéu hoa tiéu va sau d6 dugc lay trung binh thong qua mach
loc thong thap. O day, st dung cong suit nhidu cong tap am trung binh dé tinh

toan su thay doi kénh truyén:

S.(k)=6,(k=1)+u,(k—1) (3.35)
u;(k) biéu dién qua trinh tap am. Dit zi(k) 1a phép do &.(k):
z;(k) = 6,(k) + v, (k) (3.36)

vi(k) 13 nhiu phép do & may thu tram gdc. Néu gia st rang ui(k) va vi(k) c6 phan
bo Gauss thi mach loc Kalman c6 thé dugc dung dé danh gia sy thay doi kénh
truyén. Mach loc Kalman cho bai:
6,(k) = 5,(k =1) + K° (k)(z,(k) = 5,(k = 1)) (3.37)
Véi K (k) do khuyéch dai mach loc Kalman, va duoc tinh nhu sau:

K (k) = P (k=1)+U, (k)
- P2 (k=1)+U,(k)+R,(k)

(3.38)

P°(k) dugc tinh nhu sau:
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_ R()(P° (k=D +U, (k)

P = P’ (k=1)+U,(k)+ R.(k)

(3.39)

Véi diéu kién ban dau: E[5,(0)]=4,(0) va E[5°(0)]=P°. So do diéu khién
cong suét véi bd udc luong duge trinh bay nhu hinh 3.7.

Bo6 danh gi4 trong vong phan hoi c6 thé 1a mach loc Kalman néu sy dao
dong cua su thay d6i kénh 12 ham Gauss. Nhung thong thudong n6 khong c6 dang
phan b6 Gauss do do ta phai chon mach loc H, thay vi mach loc Kalman. Béng
viéc su dung k¥ thuat loc, ta dat duoc:

P,(k+1)=P,(k)+a,(k)(y," — y,(k)) (3.40)
Véi:  a” (k)=1/4,(k)

Dé chi ra sy hoi tu cua SIR cua nguoi dung toi gid tri muc tiéu ta van hanh
thuat toan diéu khién cong suét ngau nhién bﬁng viéc st dung mach loc Kalman.
bé giam su vuot qua trong bd diéu khién ta su dung mot bd diéu khién dao ham ty
1¢ (PD) nhu hinh 3.7. PD s€ lam giam su vugt qua va cai thi¢n dap tng nhanh.

Luc nay ta phai chinh tham sb diéu khién « .

tap
« am
itar imr -y, k _ . . Sl(k)
Vi i o )ba?(-k) ’ZZa %pl(kﬂ PRGN
yi(k)
v L(k)
A 4R i
. 5, (k) 5, (k) N
0,(k) indB | Bouéc | Lin dB
< [£0 Je hrong [ 5.(k) LPF

Hinh 3.7 Hé thong diéu khién cong suit sir dung bo diéu khién dao ham ty 18

3.5.4 Két luan va thdo luin

So @b diéu khién cong suat ngiu nhién dugc xuit phat bang viéc chi sur
dung gi4 tri trung binh cta binh phwong 15i ra mach loc. Phan nghién ctru nay dua
vao may do SIR cho tin hiéu hoa ti€u hgp kénh theo thoi gian voi1 phép do SIR gia
sir gdm nhiu Gauss tring. Sau d6 so do diéu khién coéng suit ngiu nhién t6i wu
dat dugc bang cach lam tdi thiéu sy thay doi cong sudt phat cia may di dong va
su thay d6i cua sai s6 SIR.
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Trong phép do thuc té, nhidu trong phép do c6 thé khong tuan theo phan
bd Gauss. Vi vay bai toan diéu khién cong suit duoc trinh bay chinh xic nhu 1a
bai toan diéu khién toan phuong tuyén tinh ngu nhién. Loi giai cho hé théng nhu
vy c6 thé tim thdy trong [4].

Thém sy lugng tor hdéa vao 1¢nh diéu khién cong suét, ta nhan dugc thuat
toan diéu khién coéng suat nhiéu budc. Cong suat phat duoc lam tron téi murc cong
sudt gan nhat. Sy mo phong chi ra ring viéc thuc hién s& khong anh hudéng qua
nhiéu khi lugng tir 4 bit. SIR cta ngudi dung van hoi tu téi gia tri mong mudn
[13].

C6 thé mong mudn danh gia SIR hon 1a do SIR tuy nhién su thay ddi cia
SIR 1a khong tuyén tinh, mach loc Kalman phai duoc mé rong [2]. Trong phan

I4
.....

nghién ctru nay dé dat dugc 101 giai toé1 wu cho bai toan di€u khién cong suat ngau
nhién, chi gia si phép do SIR 1a qué trinh ngau nhién, h¢ so lién két gia sur la co

dinh trong nhom diéu khién cong suat (PCG) cho don gian.

D6 Thi Thu — K46DB 65 Pai Hoc Cong Nghé - PHQGHN



Khéa ludn tét nghiép Diéu khién céng sudt trong hé thong CDMA

KET LUAN CHUNG

Qua trinh nghién ctru va thuc hién khéa luan da thu duoc mot sb két qua

nhu sau:

Vé 1y thuyét: Khoa luan dua ra nhirng kién thuc chung nhét va co ban
nhat vé thong tin di dong ciing nhu xu hudng phat trién 1én thé hé ba.
Trong d6 danh nhiéu thoi gian cho viéc tim hiéu vé kénh truyén va
nhirng danh gia quan trong vé kénh vo tuyén trong thong tin di dong thé
hé ba. Tir d6 thiy rang viéc diéu khién cong suat dong goép phan quan
trong cho hé théng hoat dong hoan hdo hon. Cé nhiéu phuong phap dé
diéu khién cong suit nhung trong khoa luan toi d3 tap trung nghién ciru
mot phuong phap dé 1a “phwong phap ngiu nhién 1am téi thiéu phuong
sai” va tim ra dugc cach ap dung vao bai toan cu thé.

Vé thuc nghi¢m: Pa hoc hoi, thuc hanh voi1 Matlab nham xay dung duoc
cac thuat toan tinh toan tao ra cac mi, tinh xac xuit 18i bit, mé phong

cho thuat toan diéu khién cong suat.

Trong thdi gian nghién ciru tiép theo, t6i hy vong c6 thé thuc hién duoc

cac tinh toan cu thé hon va to1 vu hon ntra.
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PHU LUC — Ma nguon cdc chicong trinh

%
% Chwong trinh tinh todn tao chuéi Gold
%

%Chuong trinh tao ra 1 chuoi Gold tu cac cap chuoi m phu hop
%Cac chuoi m phai co cung chu ki N=2"n-1
%Va cac chuoi m nay phai la 1 so le
disp('Cac chuoi-m phu hop la cac chuoi co m le ');
m=input('Nhap bac cua tin hieu gia ngau nhien m ="); %Bac cua da thuc sinh
disp('Nhap cac chi so cua da thuc sinh ( Chi la 0 hoac 1): ")
D=2"m-1;
for id=1:m+1
gl(id)=input('gl=");
end
%m la so trigo can dung=bac PN
x=dayGNN(m,D,gl);
disp('Nhap chi so cua da thuc sinh thu 2');
for id=1:m+1
g2(id)=input('g2=);
end
y=dayGNN(m,D,g2);
disp('cac thanh phan cua chuoi Gold : ');
X
for k=0:D-1
yl=xor(x,dichvong(y.k))
end

%
% Chwong trinh tao ham Wash.
%

% Tao ma tran Hadamard
N=input('Bam muon tao ham Wash bac bao nhieu (phai la so mu cua 2) N=');
a=hadamard(N);
for i=1:N
for j=1:N
if a(i,j)==
a(1,))=0;
else
a(ig)=1;
end
end
end
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disp('Ham Walsh :');

A ,
% Chuwong trinh tao chudi Kasami.
A .
m=input('Nhap bac cua tin hieu gia ngau nhien m ="); %Bac cua da thuc sinh
disp('"Nhap cac chi so cua da thuc sinh ( Chi la 0 hoac 1): ")
D=2"m-1;
for id=1:m+1
g(id)=input('g=");
end

%m la so trigo can dung=bac PN
x=dayGNN(m,D,g)
dd=2"(m/2)-1; %Chu ky cua chuoi y
s=2"(m/2)+1; %so chuoi x ma y lay mau
y=zeros(1,D);
k=1;
x1=x;
for jd=1:s
x1=[x1 x];
end
for id=1:D
y(1,id)=x1(1,k);
k=k+5;
end
yl=xor(x,y)
t=2"(m/2)-2; %So dich vong
a=2"(m/2)-2;
for t=1:a
disp('X xor dichvong(y) =");
xor(x,dichvong(y,t))
end

%
% Chwong trinh tao ddy gid ngdu nhién.
%

m=input('Nhap bac cua tin hieu gia ngau nhien m =");

N=2"m-1

%m la so trigo can dung=bac PN

D=input('ban can tin hieu gia ngau nhien co do dai la bao nhieu bit ? , D =");
disp('Thiet lap trang thai ban dau cua cac trigo");
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MatranPN=zeros(D,m);
%Khoi tao trang thai ban dau cho cac trigo
%Nen chon trang thaixenke 1010101 0....
for i=1:m
MatranPN(1,:)=1;
end
Khoi_tao=MatranPN(1,:)
for i=1:(D-1)
for j=1:(m-1)
MatranPN(i+1,1)=xor(MatranPN(1,4),MatranPN(i,5));%Khoi tao tiep
%nhung hang con lai cua ma tran
%Chi voi nhung bit dau sau do se duoc dich dan sang phai
%Voi gia thiet tin hieu phan hoi ve trigo 1 duoc lay tu trigo 4&5
%Tuc la D1=D4 xor D5
MatranPN(i+1,j+1)=MatranPN(i,j);
%Thuc hien ghi dich moi khi co xung nhip tac dong
end
end
%Tuy theo tung loai da thuc sinh ung voi cac cac bac cua tin hieu GNN khac nhau ma
ta co cac vi tri de lay XOR phan hoi khac nhau
%VD Voi tin hieu GNN bac 5 : m=5 thi de tao ra tin hieu gia ngau nhien ta
%co the lay D1=D4 xor D5 ,Day la tinh nguyen tac cua chuoi GNN
bang chan 1i cua he thong=MatranPN
disp('Tin hieu gia ngau nhien duoc phat ra :');
dayGNN=(MatranPN(:,m))'
%Tin hieu GNN duoc lay tu loi ra cua trigo D thu 2

%
% Chuwong trinh tinh todn thwc hién diéu khién cong sudt.
%

% So nguoi su dung N
N=10;
p_g=2; %Tinh theo dB
p_gain=10"(p_g/10);
SIR tar=7;
SIR target=10"(SIR tar/10);
Pmin=0.0063; %Wat
Pmax=2; %Wat
t=0:0.625:200;
P=zeros(N,length(t));
P(:,1)=Pmin;% Cong suat phat ban dau cua tat ca nguoi dung deu bang nhau va bang
Pmin
for id=1:length(t)

SIR tot=0;
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for jd=1:N
SIR(jd)=10*rand; %0 dang dB
if SIR(jd)<SIR tar
SIR(jd)=SIR(jd) + 0.97*(SIR _tar-SIR(jd));
else
SIR(jd)=SIR(jd) - 0.97*(SIR(jd)-SIR _tar);
end
SIR in(id,jd)=10"(SIR(jd)/10);
SIR tot=SIR tot+SIR(jd);
end
SIR ave(id)=(1/N)*SIR _tot;
end
SIR ave;
plot(t,SIR ave);
xlabel('t (voi cac buoc 0.625ms)");
ylabel("SIR trung binh cua tat ca nguoi dung');
figure(2);
SIR inv=SIR in';
for id=1:N
for jd=2:length(t)
if P(id,jd-1)<Pmax
P(id,jd)=P(id,jd-1)+1.4*(SIR target-SIR inv(id,jd-1));
else
P(id,jd)=P(id,jd-1)+0.02*(SIR target-SIR inv(id,jd-1));
end
end
end
plot(t,P(1,:),-."t,P(2,:)," " ,t,P(3,:))
legend('"Nguoi dung 1','Nguoi dung 2','Nguoi dung 3');
xlabel('t (voi cac buoc 0.625ms)");
ylabel('Cong suat phat may di dong (W)");

% -
%Chwong trinh do xdc xudt 16i bit.
%

function [p]=doxsloi(SNRindB,Lc,A,w0)
SNR=10"(SNRindB/10); %Doi lai dang so do SNR khi nhap la dang dB
sigma=1;

Eb=2%*sigma*SNR;  %muc tin hieu yeu cau de dat dc ti so tin tren tap cho truoc
E chip=Eb/Lc; %Nang luong chip
N=1000; %So bit truyen
num_of err=0;
for id=1:N
temp=rand; % temp= mot gia tri ngau nhien bat ky <1
if (temp<0.5)
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data=-1;
else

data=1;
end
for jd=1:Lc

repeat data(jd)=data;

temp=rand;

if temp<0.5

PN seq(jd)=-1;
else
PN seq(jd)=1;

end
end
%Tin hieu truyen
trans_sig=sqrt(E_chip)*repeat data.*PN_seq;
%AWGN voi phuong sai sigma”2
noise=sigma*randn(1,Lc);
%Nhieu
m=(id-1)*Lc+1:id*Lc;
interference=A*sin(w0*m);
%Tin hieu nhan
rec_sig=trans_sig+noise+interference;
%Xac dinh phuong sai tu tin hieu nhan
temp=rec_sig.*PN_seq
decision_variable=sum(temp);
%Lam quyet dinh
if (decision_variable<0)

decision=-1;
else

decision=1;
end

if (decision~=data)
num_of err=num_of err+1;
end
end

% Xac suat loi do duoc
p=num_of err/N;

%

%Mé phéng trdi phé truc tiép

%

Lc=20; %so chip/bit

Al=2; %Cac bien do nhieu hinh sin
A2=T;
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A3=12;

A4=0;

w0=1; %tan so cua nhieu tinh = Radian

SNR in_dB=0:2:30;

for id=1:length(SNR_in_dB)
%Do toc do loi bit
loil(id)=doxsloi(SNR in dB(id),Lc,A1,w0);
loi2(id)=doxsloi(SNR in dB(id),Lc,A2,w0);
loi3(id)=doxsloi(SNR in dB(id),Lc,A3,w0);
loi4(id)=doxsloi(SNR in dB(id),Lc,A4,w0);

end

semilogy(SNR in_dB,loil,SNR in_dB,loi2,'-

.,SNR in dB,loi3,'*',SNR in_dB,loi4,"")

legend('Xs loi khi co nhieu hinh sin thu 1',"Xs loi khi co nhieu hinh sin thu 2','Xs loi

khi co nhieu hinh sin thu 3',"Xs loi khi ko co nhieu song hinh sin");
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